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FOREWORD 


The following report was prepared by the authors as the result 
of a trip to Germany in the summer of 1945 for the Technical Indus- 
trial Intelligence Committee, Subcommittee on Metals and Minerals. 
The purpose of this Committee, which functioned under the Joint In- 
telligence Committee of the Joint Chiefs of Staff of the United 
States armed forces, was to obtain information of interest to 
American Industry and of values to the United States Joint Control 
Council for Germany, 


This paper was submitted through the Joint Intelligence Objec- 
tives Agency, which absorbed T,J,1I,C., and was released for publi- 
cation through the Bureau of Mines, In all cases the individuals 
or teams sent on the investigating missions were chosen from the 
best-qualified men available in the industry and in the various 
Government agencies, 


The authors are not employees of the Bureau of Mines, but 


their report is published by the Bureay in order to give it circu- 
lation in appropriate circles, 
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INTRODUCTION 


Purpose of the Investigation 


The steel foundries of Germany were investigated for the purpose of as- 
certaining (1) the type and classification of steel structures produced as 
castirgs, (2) processing methods, (5) the mechanical properties of carbon 


anc a.ioy cast stselz, (4) the type and character of defective castings, (5) 


the appeurance of castings, (6) research in steel castings, and (7) plant — 
isv-out and equipment. 
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The processing methods invesgigated consisted of the following: (1) 
Raw materials, (2) steel-making practices, (3) tapping and pouring methods, 
(4) preparation, distribution, and reclamation of molding materials, (5) sand 
technology, (6) molding and core-making practices, (7) cleaning technique, 
(8) welding of steel castings, (9) heat-treatment methods, and (10) inspec- 
tion and testing practices. 


Scope an 


To accomplish the purposes of the investigation, the investigators made 
@ complete and exhaustive survey cr the stebl foundries in Germany both before 
entering and after arriving in Germany tc ascertain (1) the names of steel- 
casting companies, (2) their location, (3) the size of the organization in 
terms of production, (4) the character of the organization as to quality of 
product, and (5) the progressiveness of the individual company. This was 
done so that a relative cross section of the German steel-casting industry 
could be visited and studied. It was the desire of the investigators to visit 
large, medium, and small steel foundries as well as foundries that were con- 
sidered the leaders of the industry, and concurrently to visit representative 
foundries that aia no outstanding reputation, 


Further, ‘it was the wish of the investigators to visit foundires that 
produced (1) only steel castings, (2) ferrous castings other than those of 
steel, and.(3) steel plants that produced wrought-steel products as well as 
tool. castings, ; 

According to 1944 German steel-casting industry records, there were ap- 
proximately 200 steel foundries in’ greater Germany. It is evident that all 
200 foundries could not be investigated in the time the investigators has 
available, but it is their opinion that the targets covered represent an ex- 
cellent cross section of the German stcel-casting industry in all the catego- 
ries listed above, Tonn&ages produced by the companies investigated repre- 
aco a percent of the production of steel castings for greater Germany 
for 1944, 


Steel foundries at the following companies ‘were investigated: 


1. Ruhrstahl, Annener Gussstahlwerke , Annen, 

2. Ruhrstahl, Henrichskutte, Hattingen. 

36 Ruhrstahl, Gelsenkirchener Gussstahlwerke, Gelsenkirchen. 
4, Ruhrstahl, Stahlwerk Krieger, Obérkassel. 

5. Bochumer Verein, Bochum, 

6. Bochumer Verein, Weitmar. 

7. Friedrich Krupp, Essen, 

8, Deutsche Edelstahlwereke, Bochum, . 

9. Bergische Stahlindustrie, Remscheid,. 

10, Deutsche Eisenverke, : Mulheim, 

ll.. Gussstehlwerk Risch, Bergisch-Gladbach. 

12. Rochlingsche Eisen und Stahlwerke, VOlklingen. és 
13. Saarlandische Stahlwerke Dingler, Karcher Co., Saarbrucken. 
14, Heckel-Werke, Rohrbach, 
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15. Buderus Eisenwerke, Wetzlar, 

16, Eisengiesserei Streicher, Ludwigsbure. 
17. Reichswerke Herman Gbring, Linz Alpine Montane Betriebe. 
18, Ei sengiesserei Rodinghausen, Menden. 


od 


The period of the investigation was July 15 to August ag 1945. 
SUMMARY 
" 2 | ‘Production 


The German steeleoantine industry was an important factor in helping the 
German Government to prosecute the war. Production was increased threefold 
over normal peacetime production, Castings weighing a few ounces to those 
weighing 230 tons were manufactured during this period, Most of them were 
armament castings or parts of equipment to be used by the armed forces. Major 
classifications were armor castings; tank, tractor, and automotive castings; 
aircraft, submarine, and ship castings; projectiles, guns, and gun carriages 
and parts. Castings intended to assist the prosecution of the war were syn- 
thetic- gasoline cracking-plant castings, locomotive and railroad castings, 
mining equipment, castings for heavy machinery such 4s presses, and power 
plant-equipment castings. 


Some of the castings produced normally would not be made as steel cast- 
ings, as they were: more economically suitable as drop forgings, forgings, or . 
weldments. Such items were produced because of the limitation of forging 
equipment, | | | 

In tables 1 and 2 is eescntets a statement taken from the records of the 
Vereindeutscher Stahliformgiessereien (the trade. association of the German 
steel-casting industry) of the production of liquid steel for castings for 
1943 and 1944 broken down into tonnages produced by the various melting units. 
These figures are very nearly. all-inclusive of the entire steel output for: 
castings, as the association was a semi-official government body, and repre- 
sent the tonnages of 198 steel foundries. A study of the tables indicates 
that maximum production of liquid steel for castings was not reached until 
April 1944, when the quantity of steel produced equaled 166 percent of the 
normal rated capacity of 100 percent fixed as of September 1938. 


Peak production for the various melting practices and the increase over 
the rated capacity as of September 1938 follow: 


Steol-making . 4 Percent of 
> « - method” Month Sept. 1938 
- "Open-hearth Sept. 1938 100 
Electyic — June 19kh — Oks 
Converter April 1944 297 
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The-effect of bombing upon the industry can be seen in tables 1 and 2. 
Open-hearth production dropped off to 30 percent in August 1943, but increased 
to 66 percent in April 1944, However, the bombing in October through December 
1944 reduced production to 10 percent of that of September 1938. Electric- | 
and converter-steel production likewise was affected to such a degree that by 
December 1944 production was only nee whet ty ned been in October 1944. 


The reduction in liquid-steel wepdustion for castings ‘to the low figure 
of 63 percent of normal capacity production was not altogether due to the. di- 
rect bombing of the plants. Many plants were forced to retard or stop pro- 
duction resulting from the bombing of rail and water iia ea thus ance 
venting shipment of supplies and finished castings. ? 


The records indicated that in normal peace time about 120 steel Poimiaeies 
were engaged in the manufacture of steel castings, either as captive foundries 
or as organizations producing castings for: sale on the open market. Most of 
the additional 78 foundries engaged in the manufacture of steel castings were: 
gray-iron foundries that made steel castings for the war effort at the request 
of the German government. Virtually all of these foundries produced, the re- 
quired steel by means of the converter practice. Thus, in April 1944, the 
peak of casting production, converter steel constituted 37 percent of total 
production, whereas electric-furnace steel was 31 percent and open-hearth was 
32 percent of the total production of liquid steel, Many foundries producing 
electric furnace steel or open-hearth steel, or both, also made converter 


steel for castings, 
Types and Classifications 


Armor castings and structural part castings for tanks constituted the 
greater part of the steel-casting production during the wer. . Other important 
types were aircraft castings, ship castings, automotive castings, and shells. 
Production running into several hundred thousand shells per month was produced 
as steel castings in permanent mlds. It is interesting to note this develop- 
ment, especially in view of the fact that our own military authorities did not 
look upon the production of cast-steel shells with mich favor. An equally in- 
teresting dévelopment was the large-scale production of aircraft steel cast- 
ings, far exceeding theo United States aircraft requirements as to classifica- 
tions: and tonnage. Another prominent. devolopment was the manufacture of cast- 
ings for the West Wall fortifications. Many of. theso, more ee cia known as 
cupolas, weighod upward of 220 tons. 7 a 


Steol sabriacaware produced centrifugally as well as rene the 
predominant centrifugal classifications being cylinder liners and gun castings, 


Raw Matoriais 


Selected stoel scran was not always available for the production of Steal 
castings, and in many cases light scrap, bundlos, and tin cans were used. Pig 
iron high in phosphorus and sulfur often was used for converter steels going 
into shells and structural castings. Many foundries were required to use the 
Sonderborg type of electrodes produced by the steol-making companies. These 
electrodes broke casily and burned ‘unevenly to long; tapered points. Alloys 
such as nickel and molybdenum were restricted and used very sparingly. Chromium 
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was the most favored alloy element, manganese ranking second, Vanadium, es- 
pecially in conjunction with chromium, was prominently used. Most all found- 
ries had an adequate supply of ferro-silicon, ferro-manganese, and splegelei- 
sen. Most furnace ners were at ast for the production required. 


The German steel-casting industry — ee seduced a considerable 
tomnage of steel castings in chamotte, supplies of which were adequate. The 
smali and thin-sectioned castings were ncormally molded in a Belgian natural 
bonded sand. This sand became unavailable for foundry use rather early in 
the war, owing entirely to lack of adequate transportation facilities. Found- 
ries then proceeded to use local naétural.bonded sands, and in several cases a _ 
silica sand bonded with cement was used. The quality of sand shipments varied 
considerably because of lack of proper mining operations. This condition re- 
quired the constant variation of sand mixes. The primary difficulty was to 
procure bonding materials, such as a substitute for bentonite, and proper or- 
ganic binders, such as cereals and oils. As the war continued, the cereal 
pinders deteriorated in quality. For the most part, a dextrine produced from 
potatoes was used, but towards the end of the war the potato requirements were 

such that potatoes could not be allotted for dextrine production. Only very 
important cores were produced with core oil as a constituent... 


Foundry production equipment such as molding machines, cleaning-room 
equipment, furnaces, etc., was available, but only in limited quantities. 


Steel Melt : 


Melting practices were fairly uniform throughout Germany. The basic 
practice was used almost universally for steel produced in open-hearth and 
electric furnaces, Acid steel was not considered to be quality steel. It 
was the desire to keep the sulfur content to 0.02 percent, especially as a 
remedy for hot-tear formation. It was the normal practice to take off two, 
three, or more slags, both oxidizing and refining, in order to reduce the 
phosphorus and sulfur contents. It was the belief that dolomite-lined fur- 
naces assisted in.the removal of sulfur. It was normal practice to keep 
electric heave from 1 to 2 hours under a white disintegrating slag. 


Most open-hearth Pumnees were smll, of 30 to 355 tons capacity, as it 


was the opinion of the German steel maker that higher-quality could be made 
in such furnaces. Companies producing castings of 100 to 200 tons preferred 


using a number of small furnaces, tapped similtaneously, to using one or two 
large furnaces, Only one 200-ton open-hearth furnace was seen, and this was 
primarily for the production of ingots. . 


Most of the furnaces - open-hearth, electric, and converter - were lined 
with rammed monolithic linings. 


The practice followed for acid-lined open-hearth and electric furnaces 
was primarily that of a straight melt-down partial oxidizing practice with 
basic steel scrap used as the furnace charge. 


The converter practice consisted normally in the production of steel witin 
sulfur and phosphorous contents of about 0.10 percent each, In many cases 
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desulfurization of the cupola metals is not practiced, and when it is followed, 
sulfur reduction is not pronounced. Quite & number of foundries used both con- 
verter and basic electric furnaces; the triplex practice was not used. Many of 
the technical directors thought that such a practice might have merit, but they 
had not found the opportunity to develop it for commercial production. 


Slag control and slag analyses studies were not carried out, and consider- 
able reliance was placed on the experience and judgment of the steel melters, 
many of whom had worked for a particular company for many years. It was no- 
ticed, however, that many heats were outside the range of analysis. Equipment 
for rapid analysis was for the most part not available. Steels to g-ain-size 
specifications were not required, and very few studies of fluidity had been 
made. Only one steel foundry maintained fluidity requirements as established 
by routine testing. vs 


Deoxidation practices were varied. Aluminum additions often were made 
to the furnace prior to tapping, and little attention was given to quantities 
of aluminum used or the type of inclusions obtained. Low ductility results 
normally were blamed on included slag and not on inclusion types. 


It was the normal practice to preheat the ferroalloys, especially ferro- 
silicon, Preheating temperatures ranged from 1,200° to 1,6009 F, The purpose 
of preheating was primerily to drive off the hydrogen content. Considerable 
care was taken by most foundries' steel melters to prevent moisture from coming 
in contact with the b@th, All slag-making materials, tapping spout, and ladles 
were carefully dried, and water connections were watched closely for leaks, 
This was done to keep the hydrogen content of the bath low, No studies were 
made on the gas content cf production eteels, so an estimate of the importance 
of preheating alloys and slag materials was not available, 


Molding Practices 


All largo castings were molded in chamotte, except a few made in cement- 
bonded sands. Chamotte is a-very open molding meterial, and an impermeable 
face 1s obtained by applying a rather thick coating of a mixture of graphite 
and finely ground chamotte, The surface appearance of castings so produced 
is good, provided the facing sand is new chamotte. Most foundries do not use 
the chamotto as received, but mix it with various proportions of used chamotte 
or & mixturo of chamotte and sand, These mixtures, Imown as “Form Masso," 
bocome quite dense, depending on the amount of sand added, and do not produce 
castings of a very good surface appearance. The chamotte molds are oven-dried 
at temperatures approaching 1,000° F. 


Most of the sands used for steel molding are composed of mixtures of 
quartz sand and natural bonded sands. These sands are quite fine, having an 
average grain size between AFA 75 and 100. The sands are very gummy, and it 
is not unusual for the clay content to be 12 to 15 percent. The moisture con- 
tent was not carefully controlled, and for those sands that were to be dried 
no sa a was made to fix the percentage of water to be added, 


The pose ear practice, as it is Jmown in Germany, is an air-drying 
practice, in that molds are permitted to air-dry at least 12 hours prior to 
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pouring, Air-drying produces a very hard mold, owing to the large percentage 
of clay present, i 


Most molds were prepared on jolt machines. A number of foundries had 
large jolt roll-over machines that could handle 5- to 10-ton molds, The prac- 
tice of assembling large molds out of cores was not used. Molds were produced 
in pit forms with chamotte as the molding material. 


Considerable care is given to the use of collapsible materials in the 
backing sand, such as hay, rope, ashes, cinders, etc. Metal relieving blocks 
&lso are used on large castings. " -% 


There is no sand-reclaiming equipment in Germany. Used sands are merely 
remlled with water, This results in the use of approximately 1 ton of sand 
for every ton of castings poured. 


Most sand-handling equipment is inadequate, and piles of sand can be seen 
throughout the foundry, In many cases sands are distributed to hoppers that 
feet molding machines by cranes. Conveyors for removing molds from molding 
machines are few. The normal practice is tc carry molds to the pouring floor 
or to have large overhead cranes pick up molds too heavy for two men to carry. 
It would seem that the. general rule in steel foundries in Germany has been to 
use manpower whenever possible instead of machines. Mechanization has not - 
been the rule on the molding floors in the German steel foundry, 


Most core rooms are not modern except for ‘the one outstanding feature of 


core blowing. Virtyelly all steel foundries, regardless of how small, have at 
least one core-blowing machine. Many foundries have 4 to 8 core-blowing m- 
chines. Cores weighing mcre than 60 pounds are blown on these machines, It is 
indeed a contrast to observe the lack of mechanization in the molding and core 
departments and at the same time to find core-blowing machines in operation, 
This is indeed a development, for despite the mechanization of American steel 
foundries there are but few core-blowing machines in operation. Core blowing 
was used extensively for cores for shells and track-shoe castings. A number 
of foundries employed the Georg Fisher Co, sand-testing apparatus. Apparently, 
however, the properties of sands at high temperatures were not being tested. 


The lining of core boxes with hard rubber for the blowing of cores was an 
interesting development that increased the life of the core box. The rubber 


lining could be removed and a new lining of correct dimensions inserted. 


Tapping and Pouring Methods 


The steel is tapped over extremely long spouts at both electric and open- 
hearth furnaces. These spouts are brick-lined with c tte rammed over the 
brick. The spoute are not too well maintained. Most ladles are lined with 
chamotte brick, and most are bottom-poured. Very little hand-shanking of basic 
Steel is carried on, Converter steel is hand-shanked extensively, but all 
Shells produced from converter steel are bottom-poured, In two foundries a 
basin is attached to the ladle so that individual pouring cups on molds are 
not necessarye No studies have been carried on regarding the rate at which 
the metal risos in the mold, 
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Gating, Bi sering Techni que 


Whenever seegeitie it 1s the practice to use top or parting gates. The 
French type of open-side is very popular and is considered more efficient 
in producing directional solidification than the step gate., Gating practice 
is sinilar to that normally employed in the United States. 


Risers are used oxtensively and aro large. The normal yield is 50 per- 
cent, and on certain aircraft castings tho yicld may be as low as 30 per- 
cent. The length of nearly all risers was at least twice their dianeter. 
In only one foundry were riser lengths equal to 1.5 tines the riser dianctor 
or width. Many foundries used long, tapered necks on the risers. Technical 
mon from progressive foundries clained that this practice was not conducive 
to good technique. Many foundries attempted to follow the practices laid 
down by Houvers of the Bochunor Verein and were familiar with his roquire- 
monts concerning the feeding of castings through the employment of the 
technique of inscribed circles. Only two foundries investigated employed 
the practice of padding castings, though others attempted to have castings 
designed so that the inscribed-circlo technique would be effective. Most 
foundries had one man or a group of men responsible for gating and risering 
practices, : 


Little attention wos given to contents woakness, as not many castings 
wore radiographed. Socondary shrinkage under risers was often observed. 


On all castings containing risers over 12 inches in dianmetor it was the 
practico to uso portable electrode units and arc on the open riser to keep 
the metal hot so th:t the riser would feed the casting efficiently. The port- 
able olcctrodc units contained one, two, or threo elcctrodes, depending on 
the dianeter of the riscrs being used. This practico was an oxcellent one 
end should bo adopted nore univorsally. 


Cleaning Practices 


For the most part, extensive and modern cleaning equipment was used. 
This was necossary in view of the largo proportion of castings containing 
“burnt-on" sand. In nost cases heat treatment preceded the cleaning opere- 
tion, so that the scale forned by hoating tho aa assisted in removal 
of the sand. 


All foundrios containod lareo, seal cold saws for the aeeose of 
removing risers 4 inches and larger in diancter. This procedure was 
followed bocause of tho cost of oxygen and acetylene. Removal of risers 


by sawing would take ave to six tines as long as to reriove then by torch 
cutting. , 


No studies. were made as to ree costs, pressure eppliea, or - yhoo! Weare 
Heat Treatnent. 


Most castings were given an onneal ing heat treatnent. Normalizing, as 
practiced in the United Statos, was not conmonly used. For the most part 
alloy steels wore quenched and tompered. Hardenability studios were not nade 
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to assist in quenching: and. tempering practices, and: time aienehind was not. 
practiced, Water or oil: quenching was employed, depending on the alloy com- 
position, the carbon content, and the thiclmess of. sections.. The government 
specified oil quenching for all casting compositions containing nickel and 
water quenching for those without nickel. Only a few continuous furnaces 
were seen. The mechanicel equipment for quenching did not ‘shaced lend itself 
to fast quenches or tine quenching, 


ar i ani — ‘a a Welding 


‘Weraing ecauis cuante for aircraft and tank. eaatinge were strict as to the 
amotiiit ‘of welding permitted. Welding procedures or qualification tests were 
not specified. Welded areas mst have the same strength as the casting after. 
a full’ heat treatment. - Atomic hydrogen welding was used considerably, espe- 
cially on light sectioned castings. Hedting to above the critical range was 
Reese). on aircraft and armor castings. 


Inspection and Testing : 


Most castings, either small or large, had poor surfaces. In many of  . 
them metal penetration and pinhole porosity were very prominent. Sand, slag” 
inoluetons, and buckles also were fairly extensive. Hot tears and pe aeee 
cavities were found pian cae : 


Very iattle use was made of radiography. The X-ray machines were emall, 
and radiun-ves not used. Mesothorium was used in a few instances, but no 
foundry Owned" mesothorium and it was supplied by. the government inspection 
services. Magnetic ‘particle testing Was noes on @ll aircraft castings 4s 
well as a hot-oil seep test. 


The tensile properties of castings were good, but only occasionally were 
reduction of area values required. A considerable amount of impact testing 
was carried on, and in some cases notched bar impact values were specified. 
Tensile test bars were always attached to the castings, and the thickness of 
the bars’ depended on the average casting section. No reductions in propertiés 
were permitted for the heavicr ‘sections. 


It is the opinion of the investigators that the quality of the steel 


castings as a whole produced in Germany was not’ equal to the produced in the 
United States, — - | 2 om tS 


Centrifugal Castings 


The horizontal centrifugal casting of tubes and gun barrels in a water- 
cooled mold with a thin sand coating was a new and novel practice and is not 
employed in the United States. The use of. air pressure for operating centri- 


fugal machinos for liners also was now, The casting of guns in a vertical 
centrifugal casting machine also was not practiced in the United States. 

The centrifugal casting. of molds on a turntablo machine operated by a 
vertical spindle was used, but not extonsively,. 
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The casting of shells in permanent molds with sand cores was very exten- 
sive and was accomplished with considerable success. Most of these shells 
were made of converter steel. 


PART I, - RUHRSTAHL A. G. 
The Ruhrstahl Company operates four steel foundires » as follows: 


1. Ruhrstahl Annener Gusstahlwerlc, Annen. 

2. Ruhrstahl Henrichshutte, Hattingen, 

3. Ruhrstahl Gelsenkirchener Gusstahlwerke, Gelsenkirchen. 
4, Ruhrstahl Stahlwerk Krieger, Oberkassel. 


The Ruhrstahl Company also operates @& plant at Witten, known 4s the Ruhr- 
stahl Gusstehlwerk, Witten. This plant, however, has no facilities for the 
production of steel castings and makes wrought steel entirely. The central 
offices of the company are at Witten. The Ruhrstahl executives estimated that 
their company manufactured approximately 50 percent of a11 the low alloy- -steel 
castings and 20 percent of all the carbon-steel castings produced in Germany. 
A statement was also made to the effect that all the steel-casting engineers 
of the company met once or twice a month for the purpose of studying and dis- 
cussing the steel-casting problems before the organization. 


Ruhrstahl Annener Gusstehlwerke 


The Annen works was relatively small prior to 1939. During the war years 
the works was expanded tremendously, so that in 1944 a total of 5,000 workers 
was employed, of which 1,500 were in the foundry. The remaining employees 
were distributed between the machine shops, forges shops, and maintenance, 
yard, and office personnel. Workmen in the pattern shop were 105, and the 
laboratory staff consisted of 130 employees. The buildings were completed 
in 1942, but at the time of the visit by the writers (July 17 to 20) not all 
the equipment desired had been obtained. Executives of the Annen works in- 
terrogated were: 


Dr. H. W. Balster, technical assistant to the executive vice president; 
Dr. Hubort Juretzek, technical director, Annen Works; 

G. V. Schmidt, foundry superintendent; and 

H. Lindner, salés manager, Annen Works. 


Production 


‘Comparison of statistics of production during and prior to the was was 
not feasiblo owing to the large increase in plant capacity during 1939 to 
1944, The average production in 1944 was approximately 5,000 tons per month 
of liquid electric steol, of which 3,200 tons were used for steel castings, 
1,000 tons for steel ingots (for use at other works), and 800 tons for steel 
forgings. 
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Castings produced varied in size and weight from die blocks of 15 tons 
pouring weight down to aircraft castings weighing a few pounds. Various clas- 
Bip pceteone of castings were produced at the Annen Works, as earoess 


7 Die blocks 5 to 45 ‘Sone gross weight. a | 

2. Marine castings: U-boat covers, Dieseicedaine gee. suiat=eas 
housings, pump impellers, submarine pumps. 

5e Tractor and automotive castings, including coal-gas generators for 
‘passenger cars to operate at 700° C. (1,292° F,), the composition 
being 0.3 percer.t carbon, 3 percent chromium, and 3 percent silicon, 

4, Power castings: Turbines, valves, and fittings. ~~ 

5. Refinery enous ees Return bends and synthetic gasol ine refinery — 
castings. _ - 

6. Corrosion and heat-resistent castings: Pumps, turbines, fittings of 

| high-alloy steels for chemical plants. 

7. Armor ‘castings for tanks, turret front pieces, bearing housings, 
and ventilators. 

8, Tank castings: Track shoes, sprockets, 

9. Aircraft castings: Cylinder barrels, casings, bearing blocks, 

) - brackets and covers, fork pieces, strut castings, wheel setments 
and axel shanks, fittings and lever parts, propeller hubs, etc. 


About 1,300 tons per month of liquid steel was produced for aircraft, 
yielding about 200 tons per month of finished castings, Approximately 1,000 
tons of liquid steel per month was used for marine applications, including 
submarines, yielding approximately 550.tons per month of finished castings, 
The production of tank track shoes required about 900 tons of liquid steel 
per month to produce about 460 tons of castings. Approximately 40 tons per 
month of heat-. and corrosion-resistant steel was produced from 80 tons of 
liquid steel. The small yield of finished aircraft castings was due to the 
rejection of castings for small defects of various types and the liberal use 
of risers. It was stated that the Annon plant mado approximately 50 percent 
of all aircraft castings produced in Sy’ 


Steel Making 


The steel-melting furnaces used for casting production were as follows: 


1 Brown-Boverie electric arc furnace of 2-ton capacity. 

2 Brown-Boveri electric arc furnaces of 6-ton capacity. 

2 Stein-Roubaix electric arc furnaces of 8-ton capacity. 

2 Brown-Boveri electric arc furnaces of l4-ton capacity. 

1 high-frequency (150-kw.) induction furnace of 800-pounds capacity. 

2 high-frequency (250- ‘lr. ) induction furnaces of 1,300-pounds capacity. 


The Brown-Boveri furnaces were so constructed that the roof lifted, and 
then the furnece was rollod out from under the roof for the purpose of top | 
charging. The operation of moving the furnace required disconnection of 
water-cooling lines to the furnace. The Stein-Roubaix furnaces were station- 
ary, with a removable roof. The electric furnaces were basic-lined, whereas 
the induction furnaces contained acid linings. 
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The lining for the basic furnaces consisted of three courses of magne- 
site brick laid on the pan with 1-1/2 courses of magnesite brick on the side 
walls up to above the slag line. From the slag line to the top of the fur- 
nace shell one-half course of magnesite brick was used. A rammed monolithic 
lining was laid on the magnesite brick. This lining consisted of crushed dol- 
omite (1/2 inch diameter to fines) mixed with 8 to 10’ percent tar. Bottoms 
approximately 400 mm, (16 inches) thick are constructed in the 8-ton furnaces. 
The side walls are also constructed of rammed dolomite to a thickness of 10 to 
12 inches. As many as 1,400 heats could be obtained from one hearth lining. 
However, & life of 1,000 heats was considered normal. The average life of the 
cide walls was 80 heats. A minimm of 40 heats per lining was experienced for 
aircraft castings produced in the 6-ton furnaces. This condition resulted 
from the high temperatures required for pouring aircraft castings owing to 
the necessity for thin sections, 


The furnace tops were lined with silica brick. No special shapes were 
used except those forming the electrode openings. The bricks were laid in 
rows across the top and not circumferentially, as is the normal American 
practice. Average roof life was approximately 100 heats, _ 


The induction furnaces were lined with quartzite (96 percent Si0,) and 
10 percent borax (B203). The lining was rammed dry in forms, As few as 10 
to le heats per lining life were obtained in the production of high-chromium 
(10 to 40 percent) steel heats. Approximately 100 to 140 heats per lining 
could be obtained for low-alloy steel. The furnace lips were made up in 
kaolin clay, oo 


Electrodes were of the Soderberg type made by the Annen Works. Elec- 
trodes for the 6-ton furnaces were 16 inches in diameter and 6 feet long. 
Considerable difficulty caused by breakage was experienced, 


The electric-arc furnaces were mide ready for steel melting by charging 
coke, setting the top in place, and arcing on the coke for about 8 hours. 
Only the surface layer of the dolomite was fused. The coke was raked out, the 
furnace charged with steel scrap, and the heat started. In tables 3 and 4 are 
given heat logs of typical low-alloy steels. It is the practice to use high 
voltage during the melt-down time and low voltage thereafter to finishing 
time. It will be noted from the table that two partial and one complete re- 
moval of oxidizing slags are recorded. These operations are necessary because 
of the desire .to remove as mich of the phosphorus content as possible. 


No attention was given to slag analysis or slag control. It was the 
belief of the company officials that the composition of the slag was as 
follows: ; 


Oxidizing slag, Refining slag, 


percent percent 
MOO pe baecee ce 15 Trace 
MnO e@eeeeveve 8 a 
CAO <se'seewwes 50 | 65 
MgO eoeoccccce 10 : 12 
S105 eoeveacce Balance Balance 
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445 
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TABLE 3, - Heat log of 6-ton basic electric furnace 


Desired analysis: 0.35-0.40% C; 0.30-0, 354 Si; 0.50-0. 70% Mn 
7 1,20-1, 4O% crs 0.15-0,20% V. 


Sample Remarks 7 | Analysis 
C Mn P Cr 
Started in high voltage. 
20 1b./ton iron ore; 
20 1b./ton limestone; 
3 lb. /ton Fluorspar + | 
1 Charge melted ° | 0.50 O40 0.045 0,25 
Switching over to low ‘voltage | 


let slagging 
L ib. /ton iron ore; 


10 1b./ton limestone; 

2 lb ,/ton fluorspar. 

Heavy aa | 
2 ed sl 40 230 «O20 oe 

hb. = iron ore; 

10 1b./ton limestone; 


ple! STSEB INES very thorough 
limestone, 4% of total charge 
O.4 1b./ton coke; 4 1b./ton 
Mn (5 1b./ton 80% ferromang. ) 
4 lb. /ton Cr (6-1/2 1b./ton 
ferrochrom. ) _ 

Slag mix brought up to ratio 
20-h-3 per ton of steel, or 
40 1b./ton limestone, 8 1b. .f 
nae fluor spar 

6 1b./ton coke 3 
2 1b./ton calcium silicon 
O.4 1b./ton coke. : 
Slag melted 
4 Ib./ton Si (81d. ees 
ferrosilicon) 

4 Slag deoxidized | i) eS 40 
O.4 ke. coke; 20 lb. Tienes Cr -_ | 
(43-1/2 1b. ferrochrom) 

0.2 1b./ton coke 


0.2 1b./ton coke 

3.0 1b./ton Mn (4 1b./ton 

80% ferro Mn) 

1.8 1b./ton V 

3 1b./ton Si (6 1b./ton Fe-Si) 
1.2 ke/ton ingot alum (99% Al) 
0.2 kg/ton coke 

tapped | 
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Charge: 17,000 1b. steel scrap — 
: 200. lb. ferromanganese (15% Mn) 
17,200 
Time Remrks Analysis, percent - 
Lea5 Power on 0 ae 
1.40-1,55 .. Electrode changed 8 | Ps 
3.25: Melting completed oo Got as 
3.350 1st sample | 0.65 0.43 O.Ok * 
3035 240 1b. limestone; 300 lb. iron ore. | as eee 
3250 160 lb. limestone; 200 1b. iron ore - 
4.10 Slag removed. | 
20 240 lb, limestone; 300 lb. iron ore 
435 160 1b. limestone; 100 lb. iron ore a : 
4 £50 2d sample. | | : 234 220 
5.15 Slag removed. | 
5.25 200 lb. limestone; 300 lb. iron ore | 
540° 3a sample. : | 2095 015 
6.00 200 lb. pig iron 
6.10 100 lb. pig iron 
6.30 Slag removed 
6.40 360 1b. limestone; 100 lb. fluorspar 
6.45 30 lb. sand; 30 lb. coke 
50 lb. FeSi (75% Si) | 

7-10 kth sample. eel 1.28 
7-20 5th sample. 7) ee 
7.30 36 lb. FeMn (75% Mn) : 
7.35 50 lb. FeSi (‘75% Si). 
To45 32 lb. FeV (54% V) 
7.55 8 lb, Al-Si-Cal. 


TABLE +, - Heat log of 8-ton basic electric furnace, 
ee ae  Annener Gusstahlwerke 


Tapped. 
Specification, C Mn Si P V 
percent: 0.25 1.40 Oo.80 o.02 0.10 
230 1.60. | 


Current consumption: 


| 950 kw.-hr. /ton. 
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The melters are satwueted to produce. a white, disintegrating, ref ining 


slag, which was maintained for an hour to 1-1/h hours to. permit sulfur re- © 
duction. 


A general rule. normally followed was that if the finishing carbon 
content was to be 0.20 percent or under, pulverized calcium-silicon was added 
to the slag to bring about reducing conditions. If the finishing carbon con- 
tent is over 0.20 percent, pulverized coke is used. In some cases fine- 
particle aluminum was used to produce a reducing slag. This practice was 
discontinued because of the high cost of aluminum powder. Brown finishing 
slags were not used, because it was claimed that owing to a need for high- 
temperature metal for aircraft castings a carbon pick-up resulted when the 
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metal was tapped in the ladle if brown finishing slags were used. Finishing 
slags consisted of 4 to 6 percent of the weight of the steel. 


: It was the plan to add all deoxidizers to the furnace. ‘The manganese 
was added ahead of the silicon, which was followed by the addition of 1-1/% 
pounds of aluminum per ton, The aluminum addition was made 10 minutes before 
tapping. If upon tapping it appeared, through visual observation, that the 
heat might result in porous castings, an additional amount of aluminum was 
added to the hand shanks or the pouring ladles, The aluminum was added in 
small pellets of 5 to 10 grams, No record was made of the quantity of alumi- 
num added to the ladles. Also, no record or study was made as to the residual 
content of aluminum in the finished castings. The aluminum was added solely 
to prevent porosity and not for grain-size control. Control of grain size for 
steel castings was not known in Ger according.to technical officials. 


In the control of porosity, special effort was made.to assure that slag 
materials were dry. Limestone is kept in a dry place, and ferrosilicon is 
heated to .600° to-700° C, (1,022° to 1,2929 F.) to remove hydrogen. 


The steel is tapped into the ladles over long (6- to 8-foot) furnace 
spouts. No slag traps were provided. The spouts are lined with silica brick 
coated with clay. The large bottom-pour Jadles are lined with chamotte brick, 
and the hand ladles are lined with epamente moraine material. Ladies are 
prefired, . ‘ 


The Anduction-furnace practice consists of er ieee an eee scrap 
and using broken glass for slag. The slag weight is SP Pr Ona ety 2 percent. 
Melting time is SPE one very 90 minutes. 


e ¢ 


Molding Facilities 


Casting production was organized into four separate foundries. In shop 
1, cylinders for the air-cooled radial aero engine were produced centrifugally. 
Crankcase section castings also were produced centrifugally. In this foundry 
there were also produced miscellaneous CASEINes for tanks, submarines, and 
die castings. 


In shop 2, high-alloy steel castings were made. anaes 3 was used for 
mass production of tank track shoes, and in foundry 4 aircraft castings were 
made. All four foundries contained but little mechanical handling equipment. 
The few molding machines aveilable were of the jolt. turn-over type. Nine 
core-blowing machines and six core-rod machines of old design were installed 
in the tank-track show shop. In this shop there were also a few roller con- 
veyors to assist. in mass production of track castings. There was no modern 
sand-reclamtion equipment, and sand-conveying equipment was not extensive. 
Most of tho cement-bonded sand was eres to the molding floor in buck- 
ets by cranes, 


Flask equipment for ‘the most part was heavy, oven for small flasks. In 
most cases cement molds were made in flasks; only a few cement molds were 
laid out for pouring without flasks. The shake-out equipment was not 
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ventilated, but an inadequate attempt was made to ventilate the grinding ma- 
chines. Shot blasting was carried on in rooms, It was evident that a large 
amount of manual labor was necessary to maintain the rate of production es- 
tablished by the plant. Also, since the castings were of fair quality, good 
workmanship and close control were necessary. A complete machine shop con- 
taining a full complement of modern lathes, milling machines, planers, etc., 
was available for machining castings. -Approximately 70 percent of all the 
aircraft castings were semifinished, machined at the works. Four types of 
molding practices were followed: (1) Cement molding, (2) green-sand molding, 
(3) dextrine sand, and (4) chamotte. | 


Cement Molding Sand 


The Ruhrstahl Company was the leading foundry organization in Germany | 
in the use of cement-molding sand practice. Such a degree of proficiency had 
been reached by the company in this type of molding that they had instructed 
a number of other German steel foundries in the technique. The following 
reasons Were given for the advantages of cement molding: (1) Good-quality 
molds for steel castings could be made by foreign unskilled laborers without 
the use of high-class German workmen; (2) oil is not required for molding 
sands and cores; (3) production could be facilitated, and at the same time 
molding costs could be lowered. A reduction in molding labor costs of 25 
percent and cleaning costs of 40 percent was effected. It is interesting to 
note that the first cement molding process used in Germany was carried on at 
the Bochumer Verein in 1941. The Ruhrstahl Company became interested in the 
process in 1943 because there was a lack of good core oils. The I. C. Farben 
Industrie was asked to work out a substitute for core oils, and suggested the 
use of cement, Alkylin, and sand as the most promising substitute. After a 
year of experimental study, Annener Gusstahlwerke was ready to start produc- 
tion work in the spring of 1944. 


Prior to the adoption of the cement-molding method, Annener used an 
asphalt-bonded sand. Castings of good surfaces were obtained, according to 
the company officials, but rejections owing to hot tears were high for in- 
tricately shaped castings. Another disadvantage besides that of the low col- 
lapsibility was that the molds mst be baked at 300° c. (572° F,), and during 
the baking, and later during pouring, very obnoxious fumes were given off. 

In contrast to this type of sand molds, cement-sand molds did not produce 
gases upon being poured, they required no baking or drying, and they caused 
no hot tears because they have good collapsibility. 


Cement molding-sand mixtures without the use of Alkylin.can be used at 
the lowest cost. Allylin is the trade name of a water-soluble cellulose- 
ether solution, the ash content of which approximately 3 percent, composed 
of 44 percent Alkalies, 27 percent quartz, 3 percent iron oxide, 12 percent 


clay, 6 percent lime, -1.5 percent magnesia, and 4.5 percent sulfuric acid 
residue, 


Experimental work with Alkylin solution added to cement mold sand has 
proved the following advantages over the simplified cement-sand mixtures: 
(1) Increased greon strength, (2) increased collapsibility of both molds 
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and cores efter pouring ; (33 igor tor chetthe’ ‘Sintan: ‘and thus | fewer — 
difficultios, and Ch) groater degrec of Workability.. ioe ae 


Silica sand. of 0. 2 to 0.6 mm,’ grain ‘size, as shown, in table 5, was found 
to be best: for caress peer oe : a ae 


TABLE De - 'stiver* sant (90: percent 818), 


' Grain om fm, ae z ‘Percent - 
O. ~1.00 | = 


0,2 
23 = ~60 22.6 
wpitea ote Ngee et 92° 0, So . 3 ; 65.2 
ieee eet: a eee ccd 
ee aoe a ee 106 ; a sce Oak : i“ : ; o ’ ED 
| 4 He - ; a ‘7. 4 : 99eT 7 


Var lous cement, Alkylin, and water mixtures wore studied, and it was 
observed that with’ a ‘small percentage of Alkylin the optim dry- strongth 
values were unduly retarded and were not retained for any length of time. © 
Also high-moisture ‘conditions retarded the development of maximum dry-. 
strength properties. Best results were obtained from sand mixtures of. 10° 
to 15 percont cement, 0.5 to 1.0 percent Alkylin, and 6 to 8 percent wator, 
As the Alkylin was prepared for molding conditions as a water solution, tho 
moisture content of the sand. resulted from the water added to the sand plus 
the water prosent in the Aliylin solution. Normally, a 1:7. solution of 
Alkylin and water was used, but as tho Alkylin supply became restricted, a 
ratio of 1"14 was used. Toste made on the conscryative ratio of 1:14 wae 
used, Tcosts mado on the conservative ratio of 1:14 indicated good produc- 
tion results. . os 


Alkylin increases comprossion. and transverse strength but roduces per- 
meability considorably, as is shown by table 6. 


TABLE 6, - Effect of Alkylin upon the propertios of cement-sand 


Permeability, » Compression Transverse Water, 
Mz/C m/ rom strength, .strongth, percent 
|  Ke/Cmp ss Kg/Cm, . 
Without Alkylin ...... le O,le0 0.000 7.6 
With Allqylin ..scceooee | 58 s200 - 060. 7h 


Setting of the cement was accelerated through the use of calcium chlo- 
ride (Ca Clo); which was added to the mix in amounts not to exceéd 0.5 per- 
cent of the woight of the mix. Engincers at the Annen Works were advised 
carly in March 1945 by Professor Eitel, director of the Kaiser Wilhelm In- 
stitut fur Silikatforschung, that addition of more than 1 percent of CaClo 
was necessary bofore it would aoe advantagoously as an eee coe for 
the setting of coment, | : , 
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Burnt-on sand and metal penetration are the most important defects in 
the use of cement molding sand. Professor Eitel investigated burnt-on sand 
aread and found them to be essentially an enamel consisting of easily fusi- 
ble iron silicates (fusion temperature of about 2,100° F.). It was the ex- 
perience of the Annen Works that Alkylin additions reduced the number of 
burning-on spots. Professor Eitel is’ of the opinion, however, that alkylin 
containing an alkali would reduce the fusion point of the sand mixture, and, 
therefore, he recommends that Alkylin be replaced by sulfite lye. 


Researches by Professor Eitel indicated that burnt-on sand also occurred 
when cement of the highest quality wes used. He, therefore, proposed the use 
of “Sorel cement, a mixture of magnesia (MgO) and magnesium chloride (MgClo), 
because this material has a high fusion temperature, with the result that 
the burnt-on effect would be less, The composition of this mixture is 100 
parts by weight of quartz sand, 4.5 partes magnesia, and 6 parts magnesium 
chloride (Gorman Patent No. 740735). 


At the Annen Works the cement-sand mixture is prepared at the various 
molding floors, so that it is not necessary to store the sand, and fresh 
mixtures may be used: shortly after they have been prepared. Maximum storing 
of cement-sand was limited to 1 hour, though it was possible to hold the 
cement-sand for as mich as 6 hours before it was unworkable. Difficulties 
were encountered in winter, when the stored cement-sand cooled too much, pro- 
ducing a crumbly sand that was difficult to ram properly. In winter, also, 
molds were dired at approximately 100° Cc. (212° F.) for 2 to 4 hours. Nor- 
mally, the molds were permitted to air-dry 24 or more hours. In summer , when 
floor space was insufficient, the molds were also dried at 100° Cc. (212° F.). 
Drying was accomplished by moving portable electric ovens, shaped like bell 
Jars, to the molds in position on the pouring floor, — 


The facing sand need not be thicker than 50 m, (2 inches), but for. 
light-walled castings the thickness of the facing sand may be mich less than 
this. Mold washes were not used for cement~sand molds. 


Coment-bonded sand may be reclaimed 100 percent for re-use as facing 
sand and as backing sand, However, at the Annen Works, because of the lack 
of proper processing equipment, only 10 percent of the shake-out sand was re- 
Claimed, 90 percent being discarded. 


The change-over from chamotte to cement sand for use on large castings 
was still in the experimental stage at the time the plant was closed in Feb- 
ruary 1945, The problem of the fusion of the cement-bonded sand to the sur- 
face of the casting was not completely solved, but it was the hope of the 
,management that this problem could be solved through the cooperation of 
Professor Eitel. They were anxious to make the change, as they believed that 
there was less possibility of hot tearing when cement-bonded sand was used 
for casting than when chamotte was used, 


Small and some medium-size castings, when molded in cement, were stripped. 
of their flasks when the molds were placed on the drying or pouring floor. 
The dried molds were then placed in portable clamping devices and poured. 
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Most of tho ccment-bonded molds were molded in flasks, When the larger flasks 
were used, the backing sand consisted of old cement sand that had been crushed 
by passing it through rolls. Since the molds made of chamotte are also shaken 
out in the same place as the cement-bonded molds, the Pecans sand may be 4 
mixture of used cement and chamotte Pande. 


‘The cement core sand 4s of: the. same ‘composition andie ineneee as the molid- 
ing sand. The center portion of the ‘larger cores may. be’ filled with a mixture 
of used chamotte and cement sands or with ashes, cinders, or aawouste’ 


It was reported by the Annen ant officials that it was aie to: 
produce cement-bonded cores by core ‘blowing and that cores were made for the: - 
10-cm, antipersonnel bombs by such a pee cne cs A- rubber- lined core. “pox fas. 
used for longer core-box life. | 7 as 


An indication of the extent to which cement sand is used is given in 
tables 7 and ce 


a Te - Extent of saan molding weeed et 
Ruhbrstehl Annener Gusstahiverk | 


Tons of liquid - 
steel poured in: 
cement molds for 


Percentage of . 
the total steel 
production for 


. Month and year 


the four foundries castings 
August 194 cocvcceve 9O ; 2c 
vt September 1944 aseccve 4 998 A7 
: October 19k) enececne | 1, 086 P 3h 
November 1944 eecceone 1, 020 3% 35 
- December 1944 cpeaewe 666 | | 27 
pose y 194 werervee 6 43 


TABLE 8. - bi cauetion of steel castings by re cement-molding 
_ process for all Ruhrstahl plants 


Percent of total 
poured into 
sand molds, 


Percent saving in 
working type by 
use of cement 


Liquid 
steel, 


| Plant tons Molding. | Precleaning 
, Hattingen eoecccnce 2, 300 ; 10 to 40 
Gelsenkirchen Besoe 2,600 350 
Oberkassel bg cere 2,000 O to ho 
AMNMOTL eosccccccccce |. 800 60 - 


The tonnage of liquid steel Poured in the various types of. send as of 
porn y 1gh is as follows: 
Liquid steel 
. i | , _Tons Percent 
Cement sand Cone cere scecaccenccensceeressevenserece | 1,500 13.1 
‘Dextrine sand, dry - CoCo OREO Croco neroreoroonseoerenes 700 20.3 
Dextrine sand, | _ gpeen COCT ere DicrecesorneneesenoeeceS 1, 000 28.9 
Chamotte Cor rorrrccerevedeccccesvecesacrevcverscees . 2 0 [-7 
Va 4 3,450 100.0 
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Green Sand 


A dextrine sand was used for green-sand molding. All the track links 
for tanks were produced in this pens ‘Early in the war, the dextrine sand 
was mixed as follows: . : | 


94 percent silver sand (washed quartz sand) 
3 percent clay » 
4% percent Dextrine 


The dextrine consisted of: 


20 to 40 percent dextrine (starch from potatoes) 
30 to ho percent sulfite lye (powder) 
20 to 50 percent clay or bentonite. =. 


The original sand mix was changed owing to the lack of clay. The clay 
was replaced partly, and finally entirely, by “yellow sand” which is a natu- 
ral bonded sand containing approximately é1 percent clay of the following 
grain: 


Grain size Percent 
0.3 to 0.6 Coneceeecssesecoce 0.2 
y= to Pe eeseseeseeeeeesonse @ 
el. LO. 62: pele bs-ecwis eecewnes 45.0 
06 to ok Coeeceoeeeecensesces 25.0 
Less than 0.06 eeceenencecsese 29.0 


In 1942 and 1945 the facing sand for eoenscend molding consisted of 
the following: 


Percent 
Silver Sand cevccccccccscvcce 5 
Yellow sand cecsccccccsscccece 17 
Heap BANA ceoccvvcccscccsccese 13 
Fire clay Ceo ccereecsnesecooes 
SOS COAL cevsscssvcecvcescoes 6 


Late in 1943 the government forced the plant to discontinue the use of — 
facing sand. The sand was then reconditioned by the addition of 8 to 10 
percent Geko, which often was called bentonite, as it was considered a sub- 
stitute for bentonite. Geko was prepared by water flotation and chemical 
treatment of ordinary clay to make a high-test clay. If new sand was re- 
quired to supplement the supply, a mixture of 75 percent silver sand and 25 
percent yellow sand was added. The green sand was tempered according to 
feel to approximately 4 percent moisture. Green-sand molds were poured a 
few hours after molding or were permitted to air-dry overnight. For larger 
castings, thoy were oven-dried. Cores made of the dextrine sand were water- 
washed and dricd at 150° Caf 302° F.). The dextrine molds were not coated 
with a wash. 
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Testing of molding materials consisted in testing the individual compo- 
nents of the mixtures, such as testing grain size of sands, analyses and ash . 
content of binders, viscosity test of core olls, and setting qualities of ce- 
ment. The prepared sands were said to be tested daily for moisture. Some 
tests were made on the hot strength of the sand mixtures. 


All the cores for the track links for tanks were produced on nine core- 
blowing machines and six stock core machines, The sand mixture for these 
core machines was as follows: 

Core blowing, Stock cores, 


—Bersent_ __percent_ 
Silver sand eensececen e 36 | 


Yellow snd sececos Tet 43.6 
K 1 core O11 scocee 45 6.6 
Sulfite lye eevecoerce, 3.2 6.2 
Moisture eeoenecvese 5 = 6 6 = 1 : 


The cores were oven-baked at 250° C, (480° F.). Cores were also blow 
with cement sand. These cores were for small (10-cm,) antipersonnel bombs, 
Rubber-lined core boxes were used on the core-blowing machines, The cores 
produced on the machines were checked, after baking, to tolerance gages, and 
all warped cores were rejected. The machines produced the cores to very 
Close tolerances. This was necessary, | as it was the desire to machine the 
track shoes as little as eee 


Chamotte 


The larger castings were produced in chamotte. A complete description 
of the chamotte molding materials is given under Part 2, Bochumer Verein, It 
was the desire of the plant officials to make as many of the large molds in 
cement sand as possible. 


Pouring 


No outstanding practices were carried on in connection with pouring 
castings. No research had been conducted on pouring speeds or rate of rise 
of metal in the mold, An attempt was. made to keep the sprue full of steel. 
Considerable use had been made of the open-side-down gate, or French gate, 
leading into risers or heavy vertical sections. This type of gate was es- 
pecially popular for cement-sand molds, In positions where streams of metal 
impinged on mold or cores it was the practice to use chamotte inserts regard- 
less of the type of the mold, that is, whether it was conent or dextrine. 


It was the plan of -the management to produce cadens to ‘@irectional 
solidification requirements. Some few studies had been made of temperature 
gradients existing in production castings, An attempt was made to gate into 
risers whenever possible. Risers were massivé and tall, ard in most cases 
‘the yield was seldom over 50 percent. A carbonaceous exothermic material 
was used on most risers. It was believed by company engineers that the m- 
terial, known 4s Ca-Si, which they were using contained aluminum and magne- 
sium powder in addition to carbon. It was the plan to place the Ca-Si on the 
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riser and then cover it with a layer of sand to keep the exothermic material 
from flashing in the air and losing heat, which otherwise would be trans- 
ferred to the steel in the riser, The company engineers claimed that the 
use of the exothermic material made the temperature of the steel so high that 
unit shrinkage of the metal in the riser occurred, leaving no or little pipe. 
No evidence of this was observed. 


For large risers, electric-arc equipment is available. The equipment 
manufactured by Bomecke & Borghardt, Witten, consists of one, two, or three 
electrodes, depending on the size of the riser to be heated, The electrodes 
are approximately 3 to 4 inches in diameter, and an arc is struck on the 
metal as soon as the risers are filled. 


Centrifugal Casting 


Gun liners, tubes, cylinder liners, sleeves, crankcases, and propeller 
hubs were cast centrifugally, Three types of ‘machines were available: (1) 
Water-cooled, large, horizontal machines, (2) compressed-air, horizontal m- 
chines, and (3) turntable, vertical-spindle machines. Nearly all of the pro- 
duction castings were being made on types 1 and 2. These machines and their 
development are discussed in Part 4, Deutsche Edelstahlwerke. 


Though the plant was not operating, a special exhibition run was made on 
the two horizontal machines. Cylinder liners weighing about 40 pounds were 
produced in a cast-iron mold. The mold was given a graphite-clay coating 
prior to pouring. The life of the mold was approximtely 500 liners. Induc- 
tion-furnace steel was tapped into a hand ladle according to a volume measure, 
The mold is rotated on the machine rolls. Timing of operations of the inves- 
tigators showed that 50 seconds were required to transport the metal from the 
furnace to the machines, during which time the machines were coming up to 800 
r.p.m.; 10 seconds were required to pour the casting. The casting rotated 1 
minute and 15 seconds after pouring before it was stopped and rejected from 
the machine. Rotation is continued until the casting freezes. The operator 
watches the color of the inside of the tube and uses color change as an in- 
dication of solidification. The complete overation cycle requires 2-1/4 min- 
utes. Normally, when three machines are in operation, the time cycle is 1 
minute 20 seconds, 45 seconds being allowed for solidification of the casting. 


A tube of 10.3 feet, 232-mm.. outside diameter (9.3 inches), and 165-m. 
inside diameter (6.6 inches) was made in the exhibition run. The mold was 
rotated at about 1,400 r.p.m., and the tube containing washed sand of 0.2 to 
0.6 grain size was run into the mold and rotated, spilling the sand in the 
mold to a depth of about 2 mm. The tube was withdrawn, the machine tilted S° 
downward from the pouring basin, and a weighed amount of steel was run into 
the tube. Pouring time was 45 seconds, and total spinning time, including 
the pouring time, was 4 minutes. The total time from pouring to the removal 
of the tube was 8-1/2 minutes. It was claimed that the average time for a 
complete cycle on production bases was 12 minutes. 


A wheel casting for tanks was studied in several ways to find the best - 
method of producing a sound casting. The best static casting produced after 
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quality-yiold considerations was 340 pounds total weight in the as-cast con- 
dition. By casting the wheel centrifugally, a satisfactory casting was -pro- 
duced at 180 pounds. The machined, finished casting weighed 100 pounds..- 
Considereble saving was made by casting these wheels on a vertical-spindle, 
platiorm-ty pe; centrifugal casting mene Bi ar 


Heat Treatment 


Castings are annealed or normalized according to the, property required. 
All armor castings are quenched and tempered. Whether the. quefching liquid 
is water or oil depends on specifications prepared by the Government on car- 
bon and alloy content and on casting design. Time.quenching is not practiced. 
All castings are quenched either cold or to a temperature not exceeding 200° C, 
(392° F.). All carbon cast steels exceeding 0.35 percent carbon are oil- 
quenched and under 0.355 percent they are water-quenched. The dividing line 
on alloy steels occurs at 0.30 percent carbon. Certain massive castings, such 
as cast forge die blocks of 0.50 percent carbon, are waten-quenched, Removal 
of castings from the oil quench depends upon whether or not the oil flashes 
and burns. If it does so, the casting is: returned to the: quench and is per- 
mitted to stay there until, upon its removal, the oil does not flash. No 
attention is given to duration of auenen in water quenching. 


The two oil tanks were 13 by 16 by 20 feet, and the water tank was 20 
by 13 by 20 reet. Circulation was provided. . The requirements for the oil . 
quench were that 10 tons of castings could be cooled in 1 hour from 1,650° _ 
to 300° F, without raising the temperature of. the .oil. The heating furnaces 
from which quenching is carried on hold 20 to 30 tons of castings. A tray 
poleiee 4 to 5 tons of eeetanes 1s quenched at one Sed | 


Cleaning | : | 3 


Shot-blasting of castings price to. heat treatment Sad eeltowies heat 
treatment is the normal operation. Aircraft castings are sand-blasted be- 
cause it was the belief that shot blasting peened over surface defects such 
as cracks. All the cast skin was removed on aircraft castings by either 
grinding or rough machining prior to the use of a4 hot-oil test for the dis- 
closure of cracks. Ali aircraft castings must be mgnetic-particle tested 
prior to welding. If defects are present, they mst be inspected magnetic-, 
ally after the defect has been removed and again after welding. Radiography 
is’ used only on occasional castings as & spot-check of quality. 


meting 


Both olectric-arc and atomic hydrogen eoiaiee are used. Castings are 
not preheated prior to welding unless the casting is large and an important 
one. Welding procedure in this case consists of preheating the casting to 
300° c. (572° r.), either by local preheat or heating the entire casting, 
and then laying a weld metal bead;-the bead is then Peenee ee ground smooth 
prior to laying another bead. 


All aircraft castings ere electric-welded. Four types of electrodes 
are used: (1) 36-45 kg./sq.mm. (54,000-64,000 psi), (2) 50-55 ke./saq. mm... 
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(71, 000-73, 000 psi), (3) 90-100 kg. /sQ. mm, (128, 000-142 , 000 psi), and (4) 
Austanitic, 


A popular welding rod consisted of 1 percent chromium and 0.5 percent 
molybdenum. It was the plan, wherever possible, to produce a weld the 
strength of which would equal the strength of the casting. 


For armor castings only there was a restriction that the maximum defect 
that could be welded was 15 percent of the wall thickness. Only defects on 
the outside surface could be welded. Inside surfaces could not be welded, as 
it was felt that the weld metal would come out 4s a slug if heavy impacts to 
the armor were experienced. Such slugs might injure personnel or tank parts. 


On large castings where the defect was extensive the casting designer 
was asked to look at the casting at the place where the defect had been re- 
moved and to calculate if the remaining wall section would give the proper 
design strengths. If so, the weld could be made, and the entire weld could 
then be considered as a factor of safety, 


Atomic hydrogen welding was liked very mich because it was claimed that 
results superior to those from electric-arc welding could be obtained with 
unskilled workmen. Copper-coated bare welding rods were used with atomic 
hydrogen welding. Approximately 80 percent ef all welding was atomic hydro- 
gen welding. For the usual run of castings, all defects could be welded with 
no limitations; in fact, the entire cross section could be rebuilt by weld- 
ing. All that was necessary was that a red mark indicating the position of 
the weld was required on the casting surface. Even this requirement was not. 
complied with at all times. The welders were approved by the company. There 
were no welders approval tests by the Government or inspecting agencies. 


Inspection 


Aircraft Ministry had its own inspections for aircraft steel castings. 
All foundries producing aircraft castings had to be approved by an agency 
(R.D.L.I.) of the Aircraft Ministry. A foundry would contact or be contacted 
by an aircrart manufacturer for the production of a certain casting. Trial 
castings would then be prepared by the foundry and inspected by the R.D.L.I. 
All tests are made at the foundry under supervision of the inspector. Ap- 
proval of the foundry for that particular design would then be forthcoming 
if warranted. Ivery design had to be approved (3 weeks to 4 months). The 
manufacturers of aircraft checked and tested castings and design. Castings 
were selected for loading tests. Two classes of tests were used - Class A, 
a full loading test, and Class B, Brinell tests only. Designers used iden- 
tical designs ror castings and forgings. However, 41l forgings were rede- 
signed if they were to be made as castings, so that they would be castable. 
The of icials advised that there were no records of casting failure in 
aircraft. . 


The major development of aircraft castings took place mostly between 
the aircraft manufacturers and the foundries, During the development of a 
new design, the foundry bore. all expenses. In 1943 the Government issued 
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instructions that 2 percent of all BREE. construction in aircrait must be 
steel castings. 


Blue prints for aircraft castings and nearly all other steel castings 
showed the position of the test coupon and areas where welding is restricted, 
if such is required. Test coupons were 3/4 to 2- 1/2 inches thick. No allow- 
ance for lower mechanical properties was made for the heavier section. Brinell 
testing of all aircraft castings was required, and the position of testing was 
selected by the inspection service. Impact testing was not specified for air- 
craft castings, but impact tests were made for information purposes. A hot- 
oil test of castings was made in the foundry as an inspection for cracks. The 
specifications for aircraft castings are given in dotail in Appendix I. 


Defects 


It was believed by the technical personnel that epusouits was largely 
caused by hydrogen and/or nitrogen, but it had no proof of the matter. Flakes 
are occasionally found in light sections and were definitely attributed to 
the use of moist lime or wet limestone. It was also believed that all types 
of poor structure, such as the concoidal type, were due to improper heat 
treatment and not to gas or inclusion. It was stated that when 4 film formed 
early over the molten metal in the spoon test, addition of 2 to 3 pounds of 
aluminum per ton would correct the condition. 


A detailed rejection analysis for the various foundries is given in 
tables 9 and 10. 


TABLE 9 - apes rejection analysis for February 1945, 


Annener Gusstahiwerke 


Foundry | Foundry Foundry Foundry 


Misruns ss aie auntie araieeers weal : 1.63 
Hot tears seeasessvacseeseeee | 


1; | e; 5 4, 1/ 
percent |‘ percent | percent! percent= 
Sand inclusions vevccccceseees | 20.90 | 24.30 6.938 |} 2,4) 
Scab CCoesdeeneeeseeoees eae oven 417 3.80 = = 
Shr inkage CeooCCC Teo OC O eC E OO RO® = | = 1.50 a 
Shifts CHO ROCHOC CCH CECE SOE EHOLOS 1.24 0.89 4.70 17.00 
Defective COres seecosecceees | Led + 1.03 8.10 | 5.50 
Slag Aupiaeee aeeceaea one = 2.30 = 
Porosity Co cr rccrcccccccccces | 29.65 | 29.60 : _- ee ; 
Blow holes UEC ae eT eee re = . = ; 0,40 10,20 
Tolerances csccccercccscccces | - ! 0.78 10.04 ! 12.10 
i 3.20 | 31.33 : 42.85 
_ - 
Poor torch cutting .esesccee. |! - | - 1.36 | 
CLOCKS: s-seb sades oe cens oe.0: - - 544 4.90 
Broken CneeCeorceceeeevneerneseesen | - 5.04 
OLLDO1L “Gest: 4s.cbcneun dee bee 1.80 - 
Miscellancous seccsccccccvccccs 1.47 


100.00 j;100.00 |100.00 
46,078 | 64,192 |. 
19 27 


Total rejection, pounds eeeee 
Percent or total oeevVescegqeeses 
i/ Chain links for tanks only. 
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TABLE 10. - Ruhrstahl Aktiengesellschaft | 
~ Annener Gusstehlwerke 


Scrap report of steel aircraft castings: 


Percentae of defective castings: - 
Percentl/ 


Kg. = Fercent=) 
Melting eoeveeeeees 3,155.5 2.20 
Foundry Tree rT err 2h 354.0 16.80 


Cutting Sau ebate wees 204.0 eL0 
Heat treat ceoccccece 677.6 50. 
Rough CLEAN ceoccece 4,213.6 2.90 
Finish clean .e.ee. 694.8 = .50 . 
Machine shop ceceoe. 411.0 230 
Dimensions coeeceey 3,295.0 — 20 
Miscellaneous 4... 482.0 «30 


“3a 19267 25.00 
1/ OF non thly producticn. , , | 


Cause of defects: 


Melting: 207 pieces 
Foundry: 1,881 pieces, of which 483 sand holes 
694 shrinks 
15e shifts 
72 cold shuts 
106 blown; porosity 
116 hot tears 
258 miscellaneous 
Cut off: 57 pieces 
Heat treat: — 104 pieces ...eee55+. 42 heat cracks 
| | _ 7" 4 48 distortion 
| _ 14 miscellaneous 
.Machine shop:'' © 450 pieces ..oeceoese 192 milling 
hl drilling 
197 turning 
18 planing 
| 2 miscellaneous 
Cleaning: 241 pieces ; ) 
Inspection, etc. - 
Total | 2,920 


The following is also included as to rejections on various types of 


castings: 


Tank treads, 


Marine and 
Aircraft, | miscellaneous, 
percent percent 


Sand and slag Serer ere S| 
Improper analysis ..acoces 
Removal of risers ee ee 
Shifts and misplaced cores 
Hot tears and shrinkage... 
Breakarre on shake-out .ees 
Machining rejections1/ eee 
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Mechanical Properties 


The chemical analyses, heat treatment, properties, and use of various 
grades of steel castings produced at the Ruhrstahl Annener Works is given in 
Appendix 2. These are not only representative for the Ruhrstahl Company but 
for the higher-grade German steel-casting foundries, In many cases the com- 
positions, heat treatments, and properties were specified by the German 
Government, . 


Research studies on the addition of beryllium to cast steel, armor-steel 
composition and properties, and the specifications for steel castings for 
heat-resisting applications are presented in Appendixes 3, 4, and 5, 


Ruhrstahl Stahlwerke Krieger, Oberkassel 


Stehlwerlk Krieger at Oberkassel is a part of the Ruhrstahl A. G. The 
foundry was built in 1900 and contains its own machine shop and pattern shop, 
It was bombed in August 1942 but was only slightly damagéd and continued op- 
eration until February 28, 1945. On March 1, 1945, United States troops en- 
tered the area, It is believed by the management that the plant is only 5 
percent damaged. A. Ritter, foundry superintendent, was interrogated, 


The melting units installed in the plant were three 25-ton basic open- 
hearth furnaces, one 8-ton basic electric, one 6-ton basic electric, and one 
e~-ton basic electric furnace, Monthly production was approximately 2,000 
tons of liquid steel to produce 1,000 tons of steel castings. Approximately 
5,000 tons or ingots also were produced. Of the total steel produced for 
castings, 60 percent was plain carbon steel and 40 percent alloy steel; of 
the latter, approximately 10 percent was 12 to 14 percent manganese steel. 


The 1,000 tons monthly of finished castings included the following main 
classifications: Armor castings, 200 tons; rolls, 100 tons; ship castings, 
such as stems, frames, and struts, 100 tons; railroad castings, including 
driving wheels, trucks, cross heads, bearing housings, etc., 200 tons; mis- 
cellaneous castings, including forge-press castings, turbines, rolling-mill 
castings, gears, etc., 200 tons; 12-14 percent manganese steel castings, 100 
tons; and 100 tons of miscellaneous small castings weighing less than 100 
pounds each, The largest casting poured was 4 propeller-shaft bearing suppcr~* 
for the Italian liner REX that weighed 80 tons gross weight and 50 tons shin- 
ping weight, The smallest castings produced weighed about 20 pounds. 


Approximately 320 workmen were employed in the foundry. Approximately 
1,000 men were employed at the plant (including, beside the foundry, the m- 
chine shop, pattern shop, and ingot departments), of which 250 were Russians, 
200 Italians, and 8&0 French. 


Most of the molding was done in chamotte, but 120 to 150 tons per month 


was molded in cement-bonded sand, and 150 tons per month was produced in 
dextrine sand. The dextrine sand was mixed as follows: 


1026 iSO: 


Google 


1.C.. (502 


Silver sand (quartz sand) ....cscecccceee 195 
Yellow sand (Ratingen, natural-bonded ... 15 
Clay cdieeeuwreeitews brew twewonnees eee. 6.5 
Dextrine CROCCO HOC EEC EHH OLE OEE OE OOOO LOC® pre 
HMOLSture CONCEND. 2546 6s0e seb e esses sews 6-8 


The dextrine-sand molds were air-dried overnight prior to pouring. Cores 
were produced in chamotte, cement-bonded sand, dextrine sand, and an oil- 
dextrine-sand mixture. One interesting development observed was the shaping 
of vertical cores to be used in outlets in the form of projectiles. This al- 


lowed a riser to be placed completely over the outlet to obtain the maximum 
feeding of the outlet section. 


Both oil- and water-quenching of castings was employed. The purchaser 
usually specified the type of quenching medium desired. Large and medium 
castings were quenched individually. The 12 to 14 percent manganese steel 
was tray-quenched in lots of 2 to 3 tons. 


Most of the heat treatment consisted of annealing; only 300 tons (armor 
and high-manganese) of castings were liquid-quenched. A large proportion of 
these were anneaicd in removable-roof, pit-type furnaces. In certain cascs, 
when it was desired to accelerate the rate of cooling in these furnaces, cages 
constructed of iron pipe and connected to compressed-air lines were lowered 
over the castings, and cool air was circulated around the base of the casting. 


Scrap resulting from defective castings was claimed to be only 2 percent. 

The most common trouble was rejection because of shrinkage cavities. The 
next most frequont defect was slag and sand inclusions. Vcry little trouble 
was experienced from hot tears. Some of the castings seen had very rough 
surfaces, whoreas others were fairly smooth. The castings that causcd them 
the most concern and trouble were stern posts, frames for ships, and turbine 
housings. Approximately 3 to 5 percent scrap was obtained from manganese 
stcel, owing to hot tears and quench cracks. 


For the most part, molding, cleaning, and heat-treating mcthods were | 
similar to those described for the Annener Works of the company. Stcel mclt- 
ing was idontical to that described for the Annener Works. 


Ruhrstahl Honrichshutte, Hattingen 


The Henrichshutte Works of the Ruhrstahl Company contained a stecl 
foundry, an iron foundry, rolling mills, blast furnaces, and coke ovens. Ap- 
proximately 10,000 workmen were employed, according to Dr. Vogeler, the tech- 
nical director. This plant is the largest of all the Ruhrstehl works. It 
was bombed on March 14, 1945, and the damage was considerable. All work 
stopped on that date. The steel foundry employed 400 to 500 men, 


Molten stoel for the foundry and the ingot shop was furnished from eight 
basic open-hearth furnaces (seven 50-ton and one 200-ton) and two 25-ton 


basic electric furnaces. The steel-making cycle, including charging, for 
the .50-ton open-hearth furnaces was 14 to 16 houra. 
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The foundry primarily produced railroad and locomotive castings. The 
Works was formerly under the management of Henschel & Son and was operated as 
@ part of the Kassel Locomotive Works. The plant was talme over by Ruhrstahl 
in 1932. Approximately 4,000 tons per month of liquid steel was poured to 
produce 2,000 tons of castings. Approximately half of the production, or 
1,000 tons per month, was produced as railroad and locomotive castings. A 
specialty of the foundry was the production of pots for annealing wire. Ap- 
proximately 30 tons of liquid steel per day was pcured to produce 350 tons 
per month of finished pots. The remaining 650 tons per month of castings 
were miscellaneous rolling-mill and press castings. The largest castings pro- 
- @uced were rolling-mill castings of 120 tons finished weight. The smallest 
castings averaged about 600 pounds. : 


| Very nearly all the steel made was carbon steel. Only a very small per- 
ccntage of alloy steel was produced, and this was for turret pieces for tanks. 


Virtually all castings were molded in chamotte. Several grades of chan- 
otte, as discussed under the Bochumer Verein practice, were used. The anneal- 
ing pots were produced in cement-bonded sand and consisted of 0.18 to 0.20 
percent carvon stecl fully annealed. 


All sand, mold, and melting practices were virtually identical to those 
of Ruhrstahl Annener. 


Ruhrstahl-Celsenkirchener Gusstahlwerke 


The Gelsenkirchen plant of the Ruhrstahl Company made 2,000 tons of mol- 
ten steel per month to produce about 1,000 tons of castings. Both basic and 
acid furnaces wore used. The acid furnaces were operated for the production 
of stecl for mine-car and narrow-gage dump-truck whcels. The basic furnaccs 
were used for the production of gears and gear housings of all sizes. The 
plant was similar in operation to Ruhrstahl Krieger, and the acid. practice 
was liko that‘of Deutsche Eisenworke at Mulheim and of Krupp at Essen. No 
outstanding practices were observed, 


PART 2. - BOCHUMER VEREIN 


The, Bochumer Verein Company operates two steel foundries - Bochumer 
Verein fur Gusstahlfabrik at Bochum and Bochumer Verein at Weitmar, 


Officials of the Company stated that steel castings were first produced 
by Bochumor Vercin on a commercial scale 80 years ago. It was the opinion of 
these officials that the Bochumer Veroin Company produced the first steel cast 
ings mado in the world. In 1867, the Company exhibited cast-steol bells 
weighing as mch as 16-1/2 tons at the Paris World Fair. 


Tho company officials intorrogated for the two plants were the director, 
Dr. Schily, Dr. Ammarcllcr, director of research, Mr. Bremer, melting super- 
intendent, A, Hevvors, director of foundries, H. Bergerhoff, Mr. Moller, and 
A, Sickbort. 
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Bochumer Verein, Bochum 


The foundry at Bochum was housed in ono large building of six bays and 
was in good condition. Four of the bays were used for molding, cleaning, and 


heat-treating castings, and the other two housed the yee furnaces and 
equipment. oo, 


Basic Electric Practice 


Two 40-ton, one 15-ton, and one 6-ton Deutsche Maschinenfabrik (DEMAG) 
furnaces were available for making steel for the manufacture of castings. The 
larger furnaces also were used for the production of ingots. It was possible 
to rotate them through 30 degrees, The furnaces moved out from under the roof 
to permit top charging. They were lined basic. Three courses of magnesite 
brick were placed on the. bottom and one course on the side walls. On top of 
the brick vas rammed dolomite to which had been added 6 percent tar, Total 
bottom ‘thickness was apgroximately 20 inches, and the wall thickness was 15 
inches. Ground magnesite bonded with clay is molded to form the pouring spout 
and tap hole. The spouts are formed and repaired before each heat, | 


Typical heat logs for the 40-, 15-, and 6-ton electric furnaces are given 
in tebles ll, 12, and ad yet § ' 


During the éaleine cacea. @ good boil is maintained, resulting in a 
drop of at least 0.30 percent carbon. All slag-mking alloys and ferroalloys 


are heated before using» Water in burnt lime can be driven out any by heat- 
ing to 700° c. (1,292° F.). , | 


Typical oxidizing - and eee he jae analyses are as follows: 
Oxidizing slag, Refining slag, 


a ercent percent 
FeO. pessscece 8-15 -Less than 1 
MnO, visu wekews 10 bee Do. 
CAO: caareeaieais 50 50 
S105 weer 10-20 15-20 
MgO eogeeaeoseosn 2-35 1 
CO é4sieleeaw - . 15 


The normal practice on phosphorus and sulfur control is to reduce phospho- 
rus from 0.035 percent to 0.012 to 0.015 percent and sulfur from 0.030 percent 
to 0.010 to 0,012 percent. A refining slag of a ratio of 4 lime to fluorspar 
is used; to this, pulverized coal or pitch coke is added at a rate equivalent 
to 5 percent of the slag weight. If low-carbon steels are to be made, pulver- 
ized ferrosilicon is used in place of the coal. Slag is controlled by visual 
examination and analysis. The slag color and method of slag disintegration . 
were watched, and the information collected assisted the melters in the pre- 
paration of the heats. A rule normally observed was that the finishing slag 
mist contain less than 1 percent total Fe, Mn, and Cr. Heats are tapped under 
@ brown slag only if the quality permits the higher. sulfur content. Aluminum 
is placed in the bottom of the ladle at a rate of about 1 pound per ton, and 
the heat is tapped upon it. The furnaces are tipped rapidly, so that 2 or 3 


tons of steel center the ladle without slag accompanying it, The residual alu- 
minum content is approximately 0.003 percent. ° 
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All ladles except those used for pouring centrifugal castings are bottou- 
poured. Purchased chamotte bricks are used for lining the ladles. To avoid 
slag inclusions, no wash was used. 


Fluidity tests were not made, because only fairly heavy-walled castings 
were poured. The thinnest section made was about 2 inches. 


| Approximately 1,200 tons per month. of ‘hieic: electric steel and 2,000 
tons per month of basic hearth steel were poured into castings. Acid. steel 
was not Liked because hot tears were common in castings made from it. 


An attempt was made to line the 6-ton furnace with @ basic roof, uk a 
life of only le heats was obtained, | 


Basic. Open-hearth Practice 
s 


Four 35-ton Martin furnaces were available for the production of steel 
for castings. Approximately only one-seventh of the steel made was for cast- 
ings. Coke-oven gas was used as a fuel. Basic roofs were used on two fur- 
naces with good results; a roof life of 800 to 1,000 heats each was obtained. 
The bottoms were rammed with dolomite to a depth of 12 inches. One furnace 
was lined with a Krespi bottom as an experiment. Instrument control on the 
furnaces was virtually nil. Considerable reliance on the knowledge and ex- 
perience of the melters and pen Perveee is the normal rule in Germany. 


A typical heat lot of the 35-ton basic pen teenth furnace is given in 
table 14, Slag control consisted of pouring ‘slag pancake tests. and observing 


the color on the fracture surface. The last slag sample taken must not con- 
tain more than 10 percent FeO. The chemical determination of FeO in basic 
slags took only 10 minutes, a _ 


Molding Practices 


Bochumer Verein, under the direction of Mr. Heuvers, practiced direc- 
tional solidification of castings for many years. All new designs were re- 
viewed by a committee of three men - the foundry superintendent, foundry 
foreman, and the foundry technologist - who decided on gating and risering 
methods in accordance with the principle of inscribed circles laid down by 
Heuvers. All gates and risers were attached to the casting, and top gating 
was used whenever possible. The favorite gate for the heavy castings which 
this company »roduced was the open-side "French" gate. This was considered 
to be greatly superior to the step gate. The risers used were for the most 
part quite hi¢h in comparison to their diameter. It was stated by Hauvers 
that experimental work going forward during the last 2 years has definitely 
shown that for risers of a diameter less than 1 meter (approximately 40 
-inches) the 1:1 ratio of diameter to riser height is not sufficient. For 
exemple, for risers of 50 m, (approximatoly 2 inches) the riser height mst 
be at least 100 mm, (approximately 4 inches) in order to obtain acceptable 
feeding conditions to produce steel of good mechanical properties directly 
under the risor. For the most part, it was the rule to have the total weigh* 
of the risers equal 60 to 80 percent of the weight of the casting, 
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Pouring rates are regulated by attaching a pouring dish or basin to the 
bottom pour ladle. The opening (diameter) in the pouring basin is usually 
15 to 50 m, (0.6 to 2 inches) ;- for exceptional cases, 50 to- 80 m. (2 to 3.2 
inches) is used. The gate system ‘in the mold is constructed to be 50. to 100 
m. (2 to 4 inches) in diameter.’ By using. this arrangement it is not ‘nec~ 
essary to have pounsns cups on each mold.’ . 


Bochumer- Verein was, the’ first foundry in Germiny to use cement molding 
material, It was the. opinion: of Heuvers-: that cement sands were not:as! Rood 
as chamotte for thick-walled, heavy castings; therefore; Bochumer’ Verein con- 
tinued to make most molds of chamotte. 


ae: & eres ft - 


The best grade of chamotte containe 35 to LO nee Alp 0 “and. ‘ig pro- 
duced by tho Lungen Company in Erkrath, Rhineland. Chamotte gb and 3 of clay 
calcined. at a high temperature and crushed to & maximum particle size of ap- 
proximatoly one-fourth inch and finer. ‘This calcined material is then mixed 
with raw clay for proper binding purposes.’ The chamotte received bythe 
foundries is roady for use except for the addition of water, ‘Normally, about 
5 to 8 porcent is added to the chamotte. It is normal practice at most German 
stool foundries using chamotte (and this holds true for Bochumer Verein) that 
the purchased chamotte is diluted with other grades of silica sarid to produce 
several grades of molding material known as. "Form Masse." At the Bochumer 
Verein Company four grades of Form Masso are prepared: 73 

‘Pype 1: 100 percent. chamotte. | Wall ‘sections eaten than 100 mn, 
Type 2: | 75 percent chamotte, 25 percent old sand. ‘Wall sections 
.. 75 to 100° mm, a | | 

Type 3: 50 percent chamotte, 50 percent old sand,’ Wall sections 

| ' 30 to 75 mn, — a | 
Type 4: 50 percent chamotte, 25 percent ola sand.” Wall seut icaae 
Be | | 15 to 30 mm. _ . 
Type 5: 25 percent chamotte, 25 percent old sand. Wail sections 
10 to 15 mm. a. 


. The old sand is ghake-out sand that has been remilled and thet added to 
the chamotte. The yellow sand is a fine semibonded silica sand.. The facing 
sand of all molds is 30 to 50 mh., depending on the section thickness. ‘The 
‘ratio of vermeabilities of the various mixtures is 7: 33 in for, mixtures 1, a 
and, or respectively. d a 

Only’ ‘a small “percentage of green eand, cement sand, and doxtBing’ sand is 
‘used. Consequently, all molds containing sands and chamotte are shaken out 
at the ‘same nae for. miing and ‘retermpering as ‘backing eands. ’ | 


Castings Of ‘thinzwall sectioris such as submarine motor neues” of 7 to 
8 mm. (approximately Q.3 inch) are produced in oil-sand cores. made from silica 
sand’ and core oil, No addisional' binder was added. Cores of chamotte are 
made from a high-grade chamotte™ ‘ana’ not from Form Masse, Chamotte cores may 
have centers made of ashes’ ‘of cinders. Molds and cores are dried at 500° ¢ 
(932° F.), If modern recirculating furnaces are available, the drying tem- 
perature may be 400° C, (752° F.). If the heating temperature is too high, 
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casting surfaces and dimensional tolerances are poor; whereas, if heating is 
carried on at too low a temperature, the castings may be porous. The molds 
remain at a temperature of 500° C, (932° F.) for 3 to 6 hours, andthe total 
heating time is 12 to 16 hours, pa | : 


In preparing the mold, cast-iron blocks are rammed into it in many cases. 
These blocks are removed shortly after pouring to permit the casting to con- 
tract more freely, thus reducing the formation of hot tears. 


Cleaning, Testing, and Rejections | 


The cleaning of castings at Bochumer Verein accounts for about one-third 
of the total cost of producing castings. Shot: blasting is used exclusively. 
Padding on castings is removed with a cutting torch when necessary. An at- 
tempt is made to design castings in which the padding is & permanent part of 
the casting. - There is no particular order-of heat treatment and grinding. - 
Welding of castings is accomplished chiefly by means of the electric arc, 
oxyacetylene welding being used for special purposes only. No preheating is 
necessary on carbon-steel castings containing less than 0.50 percent carbon 
" annealing follows welding, All alloy steels are preheated at 100° to 500° 

. (212° to 932° F,), depending onthe alloy content, size, and shape of the 
ee. Welding requirements followed. Were established by the Company for 
itself to insure acceptable welds. Heat treatment after welding usually con- 
sists of heating to above the critical temperature, Only occasionally are 
the welds given a stress-relieving treatment. Welding rods are used that 
will produco the weld strengths required in the annealed condition. No de- 
structive testing of welds was undertaken except on very eae eae castings 
that require welding. 


The thickness of the test coupon must be squivalieat 6 that of the aver- 
age wall section of the casting. Each casting weighing over about: 75. pounds 
mist carry & test coupon. The government inspector may use his own judgment 
as to the number of tests to be made. One casting out of 10 may be selected 
for removal of the test coupon and tensile testing, or every casting may be 
selected, The minimum tensile test properties are required regardless of the 
thickness of the coupon. Company officials thought this requirement to be 
most undesirable. If hollow-drill tests of the casting are required in heavy 
castings, permission is granted to reduce ductility 50 percent. Most steel- 
casting specifications require charpy keyhole notch impact testing. 


Percentage of rejections because of scrap castings was only 1 percent. 
Defects listed in the order of their occurrence are (1) sand and slag inclu- 
sions, (2) hot tears, (3) porosity, and (4) shrinkage cavities. 


 Heat-treating other than annealing consisted of oil and water quenching. 
All castings containing nickel and aluminum were oll-quenched in accordance 


with government instructions. Chromium steels were water-quenched apes table 
15). Monthly tonnege shipments were as follows: 
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: Tons per : Tons per 
Peacetime “ . .- month Wartime: - - _ month 
Wheel centers eeecccccccscccces 700 . Armor steel for tanks .... 700 
Small miscellaneous castings .. 500  U-boats and ships ........ 400 
Ship castings, press castings, Die DLOCKS seecccccvccscece 500 
and housings Co vecccscccvcces 300 Forts, West Wall cupolas . 
Die blocks . ee secovenercoseccses ’ 500 " (when produced) th nebeek “1,200 


Weitmar Plant 


The Weitmar plant of Bochum Verein was equipped solely for the production 
of large steel castings. The plant contained four 60-ton basic open-hearth 
furnaces fired by coke-oven gas and generator gas. -A cold scrap practice was 
used. Castings up to 240 tons had been produced, which required tapping’ the ° 
four furnaces simultaneously. Furnace practice was similar to that at the 
Bo chum plant e ; 

Molding was carried on in chamotte, and the five types of Forme Masse 
described previously were used. All large cores were hollowed out and filled 
with ashes or cinders. ‘ | : 


All castings were annealed, and then all the armor castings were quenched 
in oil or water, according to specifications, The annealing furnaces were 
fired with coke-oven gas. The quenthing tanks held 200 cubic meters of oil 
or water and were 20 feet square by 25 feet deep. The oil circulated at the 
rate of 10 cubic meters per minute. Water circulation was a water flow from' 
a 12-inch pipe at 75 pounds pressure. A maximum temperature rise of 50°C 
(90° F,) was permitted in the water-quenching tank, whereas an 80° C, (1450 P. ) 
rise was permitted in the oil tank. The largest castings quenched in oil were 
the cupola castings for the West Wall, weighing 200 tons, ‘The largest water- 
quenched casting was 130 tons of chromium-molybdenum steel. Castings are 
quenched at 880° C, (1,616° F.). <A forge block weighing 63 tons quenched in ° 
oil remained in the oil quench for jepproximately 12 hours before it reached 
a temperature of approximately 200° Cc, (392° F.), when it was removed, Tem- 
perature of the casting at the time of removal was measured by low melting ° 
temperature pencil sticks. 

A specialty of the foundry was cast forging die blocks weighing 50 to 
100 tons "as cast." These are permitted to cool in the mold, which takes ap- 
ar art sad 3 weeks. The temperature of the casting on removal is about 350° 

. (6629 F,). Rough cleaning takes 10 hours. The temperature of the blocks 
ee cleaning was 200° C. (392° F.), at which they were placed in an anneal- 
ing furnace and heated to 6809 C, (1,256° F.) for relioving casting stresses 
and to facilitate machining. Castings were furnace- cooled at the rate of 5° 
C. per hour (9° F.) down to a temperature of 100° C, (212° B.). The risers 
were then. removed by sawing, and tho castings were rough-machined. The cast- 
ings were then heated to 880° to 900° C. (1,616° to 1,652° F.). Stixty-ton 
castings wore heated 30 hours at this temperature. The castings were then 
quenched in oil or normalized, depending on the design. Sometimes double 
normalizing was used. After quenching, the castings were tempered at 650° 
to 680° C, (1,202° to 1,256° F.) for 40 hours. 
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TABLE 11. - Heat Log of 40-ton basic electric furnace, Bochumer Verein 
Specification of Cr-Niv cast armor steel: 


C Mn Si P a! Ni Cr -Mo Vv 
0.33. 0.60 0.35 0.030 0.018 0,80 12.90 0.20 0,08 
038 e8O0 . ,50 Max, Max, 1.10 2.10 Max. © .12 


Charge: 9 tons turnings 


41 tons steel scrap 


a . Analysis 
Time. - Remarks CC j.Mnm P —— Ni Cr Mo 
0,00-0.10 Furnece charged | a 
0.10 Power on 
B45 Melt down 


Power off 50 minutes for 
finishing charging. Total 
melting. time 2.55 hours. 


3047 1,700 lb. ore 1.02 0.46 0,025 0.033 1,01 1.40 0.12 
i 650 lb, lime | | _ 

4 ks 1,100 1b. ore | 69 

5.10 $00 lb. ore ae 54. 

5.5> 200 lb. ore a el - 

6.05 _ 32 

6-30 WRG: 639 


6.35-7.700 Removing slag 
2,200 lb. lime 
°200 lb, fluorspar 
1,500 lb. spiegeleisen (10% Mn) 
, 150 lb. FeSi 
7.30 550 lb. FeCr (65% Cr) 
180 Lb. FeSi (45% Si) dust 


900 lb. spiegeleisen (10% Mn) .33.° .50 — ,022 
550 lb. FeSi ee ue 

500 lb. FeCr (65% Cr) 

fe 160 1b. FeV. (55%, V) 
9.05 Tapped ~ °° 


. 


Current consumption: 780 kw. -hr./ton. 


Final ladle analysis: 


C Mm st P s Mi Cr v 
O40 0,62 0.36 0.029 0.013 0.06 2.04 0.12 O.1b 


Q 
Hi 

= 
< 
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TABLE 12. -.Heat log of 15-ton basic electric furnace, Bochumer Verein 


Specification for gun-turret castings: 


c Mm S& Pp Ss Ni 
0.20 1,00 0.35 0.018 0.018 1.00 
ee>)6=0—s«id 20 050 Max. Max. Max, 
Charge: 6 tons turnings 
11 tons steel scrap 
Time : Remarks Cc Mn 
0,00 Charging complete | 
0.05 Power on 
i Melt down 
; 200 lb. ore; 350 lb. lime 
2.45 0.18 0.19 
pres: Removed slag e LO 
450 1b. ore; 450 lb. lime 
100 lb. coke 
3.35 235 = 1 
3.50 019 
4.05 o13 
415 210 
4,20-4.30 Removed slag 
900 lb. lime 
100 lb. fluorspar 
20 lb. coke 
350 1b. FeMn (75% Mn) 
150 lb. FeSi (45% Si) dust 
455 | 15 842461 
5.10 55 lb. Ferro Va (80% V) 15 8.63 
5.30 178 1b. FeMn (75% Mn) 15 = .63 > 
6.05 250 1b. FeSi (45% Si) lum 
6.40 Tapped 
Current consumption: 840 kw.-hr./ton 
15 1b, aluminum in ladle 
Final ladle analysis: 
c Mm si Pp S Mi 
O.c1 1.16 0.35 0.020 0.014 0.21 
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Cr Mo OY 

OO 0,20 £40.10 

Max: Max. Pa ly. 
Analysis 

Ps Ni Cr Mo 
P 


0.025 0.28 0.23 0.02 


S 
~ 020 

Cr Mo 
0.28 0.01 0.12 


I.C. 7362 
TABLE 


13. - 


Specification for conteirial saci ece: 


’ Nt 


Heat io of 6- ton basic electric furnace, Bochumer Verein 


c Mm si  P S Ni Cr. Mo Vv 
0.40 1.20 0.20 0,030 0. 318 0,50 0.50 0.25 0.10 
ot5 1.40 40 ‘Max. Max. Max, 1,00 Max. 015 
Charge: 4-1/2 tons turnings : 
1-1/2 tons steel scrap 
= oxen Analysis 
Time Remarks Cc Mn PK Cr Mo 
0.00 Charging complete. 
0.05 Power on P 
2.10 Melt down 200 lb. ore; 350 lb. lime 0.39 0. 32 0.023 0. 5 0.74 0.02 
2.40 Removed sleg partially; 200 lb. Lime 02k 
4.00 | . 19 
Bel sL7 
53.20-353.30 Removed slag 
650 lb. lime; 90 lb. fluorspar soft 
220 lb. FeMn (50% Mn) 
65 1b. FeSi powder (45%) Si) 
3.50 12 lb. coke 31 .86 - - 49 - 
h.05 15 lb. Fev (804 V) 31 .86 
4.20 170 lb. pig iron (4% C) 230 690 .016 
110 1b. FeMn (Mn 45%) Ss 
22 lb. FeCr (63% Cr) 
4.50 Removed part of slag 
55 lb. FeSi lump (454 Si) 
5.35 lst tapping 1-1/2 tons with 1 lb. Al 
5.50 2a tapping 1-1/2 tons with 1 lb. Al 
6.00 3d tapping 3 tons (approx.) with 2 lb. Al 
Current consumption: 965 kw.-hr./ton 
Final analysis: 
C Mn Si P S . +. Ni Cr Mo Vv 
O41 1.45 0.37 0.019 0.011 0.51 0.66 0.03 0.10 
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TABLE 1h, - Heat Log of LO- ton basic epee tee Bochumer Verein 
Specification for armor-steel castings: 


Analysis: 
Cc Mn Si P Ss Ni Cr 
0.38 0.60 0.35 0.030 0,030 0.50 2.00 
he 90 050 Max. Max, Max. 2.50 


6.45-7.50 Charging 28 tons steel 
Scrap (0.038P; S 0.036) 
5 tons turnings (1% Cr) - 


11.00 3-1/2 tons pig iron 

1,100 1b. Spiegel 
11.20 Start boil 0.85 C; 0.50 Mn; 
11.55 Py ple. ; 
12.15 100 lh, line 57 C3 0.435 Cr. 
12.35 43 Cs; ..49 Mn; 48 Cr. 
12.50 80 lb. lime : 
12.55 036 C; .54 Mn. 
13.05 4k Ub, aluminum * 
13,10 2,400 lb. FeCr (65% Cr, 232 C. 

lg o4 C) slag: 9.1% FeO. | 
13.30 Tapned; added to ladle 

880 lb. FeSi (45% Si) 

550 lb. FeMn (35% Mn) 
Final analysis: C. Mn : Si P Ss cr 

~~ Q, ke 0.78 0.40 0.03 0.02 2.23 
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TABLE 15, - Analysis‘ and héet-treatment “of armor cast’ steel. 
Panzerstahiguss), Bochumer Verein, fur 
Gussstahlfabrikation ktiengesell-s af t 


0 
0 
0.03% maximum 0.05% 
2 
@) 


2, Alloy B as as above, without Mo. 
3. Alloy C as above, without Mo and Ni with 0. te Va. 
4, Alloy D as above, without Mo, Ni, &nd va. 

Heat treatment: | 


Cal 


1. Annealing: 
Alloys ~ to D = anneal to 900°, cool down at open-air 
‘temperature to 680°, 


2. Hardening: 
Alloys A to C = heating to 880°; quenching in oil. 


Alloy D = heating to 850°; quenching in oil. 


5- Tempering: 
Alloy A = heating to 675°; quenching in water. 


Alloy B = heating to 670°; quenching in water. 
Alloy C = heating to 660°; quenching in water. 
Alloy D m= heating to 650/655; quenching in water, 
Approximately 2,000 to 3,000 tons of liquid steel was poured monthly tc 
produce 1,200 to 1,500 tons of castings. During the war, this size was re- 


duced; therefore, production during the war years did not increase materially. 
At the Weitmar Plant, 480 workmen were employed in the foundry. 
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PART 3. - FRIEDRICH KRUPP A. G., HESSEN 


The Friedrich Krupp Works at Essen contained four steel foundries clas- 
sified according to the size and type of castings produced. Large miscella-_ 
neous steel castings were produced in foundry 1, medium-size castings in 
foundry 2, small castings in foundry 3, and high-alloy and aircraft castings | 
in foundry 4. Observation of the equipment, methods, and casting production 
in these foundries was difficult owing to the amount of bomb damage. The 
large miscellaneous foundry was in the best shape, as the equipment was mas- 
sive and difficult. to damage. The roofs had been smashed in on all the found- 
ries, making visual examination of equipment difficult. The percentage de- 
stroyed of each foundry was estimated as follows: Foundry 1, 50 percent; 
foundry 2, 65 percent; foundry 3, 90 percent; foundry 4, 60 percent. 


Most of the destruction occurred in October 1944, so that castings and 
molds in the open shops were not esvecially helpful in determining manufac- 
turing practice. The melting shop was destroyed beyond working condition in 
February 1945. Molten steel was produced in the melting shop and then trens- 
ported to foundries 1 and.2. Foundries 3 and 4 contained their own melting. 
units. The melting shop produced steel for ingots as well as for the two © 
foundries. When requiring steel, foundries 1 and 2 had to send the melting. 
shop written instructions concerning the type of steel wanted and its temper- 
ature and information as to when it would be needed. The melting-shop super- 
intendent and the aomeey superintendent were required to work in close 
harmony « 


Steel for castings made in shops 1 and 2 was either basic electric (20- 
ton furnaces) or basic open-hearth (35-ton furnaces). The steel-making 
method was similar to that of the Ruhrstahl and Bochumer Verein Companies. _ 
Heat. logs of typical basic electric and basic open-hearth heats are given in 
tables 16 and 17. 


The company officials interrogated were Dr. Walter, director of the 
four steel foundries; Dr. Heinrichs, superintendent of foundry 3; and Dr. 
Klapp, metallurgist. 


Foun 1 


Large castings weighing up to 200 tons were produced in this foundry for 
forging presses, mills, ships, and heavy machinery of all kinds. This foundry 
was & large jobbing shop, and only one or two castings were required from each 
pattern at one time, Peacetime production was about 1,500 tons per month of 
finished castings, This increased to 2,300 tons per month during the war. To 
produce 1 ton of finished castings, 1.7 tons of Liquid steel was required,. a 
yield of approximately 60 percent. 


Before pouring of a 100-ton prcre can begin, as mich as 40 minutes may 
be required to bring up all the ladles from the various melting units that 
are needed, Five ladles full of stcel were required to pour a ‘100-ton casting. 
This was accomplished without interruption of pouring, and the time required 
was only a few minutes. Arrangements for tapping five furnaces, transporting 
the stecl across the yard, and arranging the ladles in place was a difficult 
undertaking requiring careful preparation and exact timing. 
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Most of the castings produced in: foundry 1 were carbon steel; however, 
some low-alloy steels were produced, such as the 2-percent chromium armor 
steels for 150-ton cupolas castingss to be soi in the forts on the West Wall. 


Molding 


It was the general practice to use chamotte molding material for the | 
large castings. The chamotte was graded into various Forms Masse, as dis- 
cussed under the Bochumer Verein practice, Molding and core making were simi-— 
lar to the Bochumer Verein practice. Molds were dried or baked at 600° to 
650° c. (1, 112° to 1,202° F.). | 


Castings of complicated design, which ae ane hot tear in chamotte, 
were produced in dry-sand molds. Before the war, a natural bonded Belgium 
sand was used for the dry-sand molds. During the war, sand was obtained near 
Essen. Two sands were used - (1) Ratingen and (2) Rosenthal. Both were natu- 
ral bonded sands and were considered good substitutes for the Belgium sand. -A 
blend of the two was used in preparing the sand mixture, The sand was tempered 
in accordance with practical experience, and water was added until the desired 
plasticity developed when the sand was gripped in the hand. Moisture content 
of molding sands was not actually determined, and no method of adding water 
to mixtures by weighing or metering was used. The dry-sand molds and cores 
were oven-dried at 250° to 300° C, (482° to 5729 F.). Dry-sand cores that re- 
quired a high degree of collapsibility were made of silica sand, o11, and dex- 
trine and were dried at about 200° C, (428° F.), 


The gating and risering, placement of cores and chills, and general de- 
tails of production of castings in all the foundries were determined by a 
committee consisting of the foundry superintendent, foundry foreman, core 
foreman, pattern-making foreman, and foundry technologist. An engineer who 
acted as a liaison between the customer and the foundry also was available to 
discuss design problems and othe, problems with the customer, The Company 
executives were of the opinion that by this means better castings were produced 
with @ lower than normal percentage of rejections. 


Foun eens 2 


Foundry 2 produced medium-size castings weighing “from 100 pounds to 2 or 
3 tons. For the most part, the castings produced in this shop -in ‘peacetimes 
were railroad locomotive castings, such as truck castings, driving wheels, 
cross heads, guides, cylinder covers, bearing housings, etc.. Armor castings 
for tanks and housings for various gun parts were manufactured during war- 
times, Approximately 600 tons of liquid steel per month was poured to produce 
200 to 400 tons of castings. 


The railroad castings wore almost entirely made of carbon steel of 52,000 
to 75,000 p.s.i. tensile strength. Carbon and alloy steel were used for earne- 
ment castings. | 


Approximately 70 percent of tho molds were mado of chamotte in this 
foundry; the romaining 30 percent consisted of green and dry sand, The dry 
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sand used was similar to that produced in foundry 1. The green sand con- 
sisted of 12 parts Ratingen sand, 18 parts old sand (used Ratingen sand), 
and 1 part anthracite-coal dust to which about 14 percent water was added. 
The excessively high moisture content was claimed to be necessary to produce 
enough green strength in this type of sand, The molds were all skin-dried 
prior to being filled with steel. 


Another type of green sand used was made as follows: Silver sand,, 15 
parts; yellow sand (Bottrop, Essen), 15 parts; sulfite lye, 1 part; moisture, 
4 percent. The Bottrop sand contained enough clay to bond the mixture when 
one part of sulfite lye was used. This sand was also used as dry sand. Dry- 
sand molds were sprayed with sulfite lye before drying. 


For light and medium-size cores in shop 2, the following mixture was 
used? | — | | | 
ae . — Parte 
Ratingen BANG eecceve ea - 16 
Silver BANG ceccsccsecs ~ 14 
Sulfite lye codscccores 2 
Radiol o11 .... - ere . 1 


The cores were oven-dried at 250° C. (482° F.). 


Ratlroad trucks of complex design were molded in & special sand mixture 
to prevent hot tears. These castings were about 8 feet long and 35 feet wide, 
with a section of 12 to 15 m. (approximately 3/8 inch). The mixture was as 
follows: 50 percent chamotte and 50 percent silver sand, to which was added 
2 percent oil. The molds were only partly oven-driéd. 


Foundry 5 
Foundry 3 was used primarily. for automotive castings and was considered 
the small castings shop. Approximately 700 to 750 tons per month of liquid 


steel was poured to produce 450. tons of castings, The foundry also housed 
the malleable-iron foundry. 


Three 20-ton, acid, open-hearth furnaces produced the steel and the 
white iron for the castings. This foundry was the most mechanized of the 
four. It contained conveyers for molds and monorails for small pouring 
ladles. A vertical-type core oven was available, and core blowers provided 
cores on & production basis. Castings were made for the General Motors Opel 
automobile, and General Motors assisted the management in setting up the 
mechanized foundry. It was Dr. Walter's opinion that this foundry had not 
reached the degree of mechanization to be found in American steel foundries, 
ag the foundrymen, after Bree the molds, were epniees to pour and shake 
them out. 


For the most part, carbon steel was made in the acid open-hearth fur- 
naces, Some low-alloy steels also were produced, however, The carbon stecl 
was given a normalizing and tempering heat treatment. 
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The acid open-heerth. wneeeiies conei sted. in charging 25 to 50 percent 
Low-phosphorus and sulfur pig iron and the remainder of selected basic steel 
scrap from the Krupp Works. ' The furnaces were hand-charged, the operation 
taking 2 to 3 hours. The melt-down cycle took } to 5 hours, because the 
checker chambers were too small for the furnaces. At melt-down the slag was 
partly removed, sand was added, and a fracture carbon sammle was taken. It 
was the oractice to melt down at 0.40 to 0.60 percent carbon. Iron ore was 
added at this time at the rate of 200° to. 30Q: pounds per 20-ton charge. The 
oxidizing voriod lasted 3 to: 3. 5 hours, Guring which time the carbon dropped 
to 0.20 percent, It was the opinion of company officials that a long oxidiz- 
ing veriod was necessary. and advisable for the production of quality acid» 
steel. 


‘The boil was stopped by adding all the ferrosilicon and ferromanganese. 
These alloys were preheated’ before use to remove hydrogen. A refining period 
of 1/2 to 3/4 hour followed addition of the ferroalloys, and the heat was 
tapped at a carbon content of approximately. 0.25 percent, silicon 0.35 percent, 
manganese 0.60 percent, and phosplioriis and gulfur 0.035 to 0.040 percent each. 
No slag control was used. The finishing slag was light green to gray. No 
aluminum was added to the furnace, ladles, or molds. A heat log of a typical 
acid open-hearth heat is given in‘table 18. hg aig 


Mostly green-sand molding’ was’ “used in foundry 3° No chamotte was used, 
The green-sand mixture WAS &5 follows: , | | 
| Percent | 
‘Rosenthal 8aNd eesee 
. Silver ‘sand eeervvece 20 
Dextrine oS: ain 2:00 974)8¢ 0.25 


Moisture was added until the proper consistency (by the feel test) was 
reached, Lo: . 


A favorite mixture fe Soca dry sand for the re consisted cf 
66 percent of the above mixture added to 34 percent of ground-up old-clay 
eraphite crucibles. A mixture of silver sand, oil, and sulfite lye was uscd 
with the core prowene 


Foundry 4 - 


Foundry 4 was considered the high-alloy casting shop. In it were pro- 
duced corrosion- and heat-resistant stcels, ‘magnets, 12 to 14 percent manga- 
nese stecls, and aircraft steel castings, The foundry containod ite own 
molting units of four 23;000-pound induction furnaces and one 2-ton cloectric- 
arc furnaco. Approximately 800 tons per month of liquid steol was poured to 
produce 400 tons of finished castings, as follows: 10 to 15 tons aircraft 
castings, 30 to 40 tons manganose stecl, 7O to 80 tons of 18-8, and-the re- 
maindor thin-walled eEsrsnee produced in carbon and low-alloy stecl. 


Sands for foundry 4 wore similar to those used in foundry 2; some 
chamotte molds also wero made for tho large heat and corrosion casting 
production, 
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Specification: 
i a ee 
0.32 0.35 0,60 
027 045 «90 
Charge: 25 tons. 
Time Remarics 
O.00 #£Power on 
0.20 600 1b. limestone 
200 1b. rluorspar 
0.50 300 lb. spiegeleisen (12% Mn) 
1.00 20 1b. charcoal 
1.10 20 1b. charcoal 
1.30 0 lb. pulverized Fe Si (90% Si) 
40 1b. pulverized Fe Si (75% Si) 
10 lb. charcoal 
200 lb. lime 
1.35 hO lb. lum Fe Si (905 Si) 
16 lb. aluminum 
1.40 Ist sartrmle 
1.55 400 1b. spiegeleisen (12% Mn) 
360 lb. Te Mn (45% Mn) 64. 
1,620 lb. Fe Cr (65% Cr, 14 C) 
200 lb. lime 
2.15 301b. pulverized Fe Si (90% Si) 
30 lb. pulverized Fe Si (75% Si) 
10 1b. charcoal 
200 1b, Limestone 
2.20 2a samle 
2.25 25 lb, Al-Si-Mn alloy 
2.40 20 lb. Fe Si (90% Si) 20 lb. Fe Si (75% Si) 
2.50 20 lb. Fe Si (90% Si) 20 lb. Fe Si (75% Si) 
3.00 
200 1b. spliegeleisen 
3.10 
3.20 
200 1b. spieseleisen 
3.25 101d. Fe Si (90% Si), 10 lb. Fe Si 75% Si) 
53.20 Tanped 


Final analysis: 
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TABLE 16, - Heat log,, 25-ton basic electric furnace, 


Friedrich Krupp, Essen 


20 lb. Fo Si (90% Si) 20 lb. Fe Si (75% Si); 


20 lb. Fo Si (90% Si); 20 lb. Fe Si (75% St) 
20 lb. Fe Si (90% Si) 20 lb. Fe Si (75% Si); 


55 molting loss; 250 kw.-hr./ton 


C 


0.32 


SL 
0.59 


Mn 
0.72 


Google 


3 
0.013 


+ [U2 


: 
0.01 


ae 


Ni 


0,30 


050 


Ni 


0,36 


2 
2 


Cr 6 

~L) OO, 08 

sD 25 
Analysis 


2.42 


0.19C; 0.23 Mn; 0.36 Ni 


0.28 C; 0.69 Mn 


<! 


Cr V 
0.06 
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TABLE 17, - Heat log, 30-ton basic opon-hearth, 
. Friecrich lrupp, Essen 
specification: 
C 
0.52 


AT 
oy | 


S cr M 
0 2.1 0.60 
Max. 2.5 = 


Mo  V 
0.20 
0.30 


Piss 170M saccvecvere 
Stcol SCrap sececece 
Sniogel (20% Mn) ... 
Pig iron (7.825 Si). 
Total eoeveccer 
Lime @eovueeoe28ee8 @ 


000 
ates 
3,000 
Analysis 
P S 


Time 
0,00 
8.00 


10,10 


Romarks | Cc 
Finishoc charging, Power on. 
600 lb. lime; 400 1b. fluorsp 
Charge melted 

OO lb. iron ore 

lb. lime 
lo. ore 
lb. lime 
lb. Fe Mo (70%) 
lb. broken electrodes 


0.98 0.44 0,012 0.027 - : 


10.40 1.02 0.08 


11.10 


11.45 
12.20 


12.50 100 lb. iron ore 


13.15 
15-35 
13.40 
14.00 


14.05 


2,200 lb. Fo Cr (64.45 Cr, 1% C) 
220 lo. Fe Mn (5&5 Mn) 


Furnace shut off 

800 lb, pulvorized alum added to 

the slag 

Tapped 

Added. to ladle: Fo Si:275 lb. (47% Si) 
260 lb. alloy (5% Al, 10% Si, 10% Mn) 

50 lb. Fo V (82% V), 90 1b. recarburizer. 


End Analysis: 
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C 
0.56 


Mn P S Cr 


Si 
Ooh 


- 4S - 


Google 


Ni 


Mo 


Va 


0.67 0.021 0.026 2.29 0.98 0.24 0.13 
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TABLE 15, - Heat log of 25-ton, ecid, open-hearth furnace, 


Fricdrich Krunp, Essen 


opecification: 
CC C Si’ Mn P S Cr Wi 
0.20 0.40 ° O40 0.0h0 
625 650 055 Max. 


Charge; 
| Pounds 
Pig 170n ooseeesel4, 000 
Rolling mill ... 36,400 
Total ..eee 50,400 
Analysis 

Time Romarks C - Mn P S Cr Ni 
0.00 Powor on ~—” Mog 
9 0 30 0.98 0.10 - - 0,22 - 
6.00 80 .06 0.034 0.034 - 0,16 
6.30 69 - “ - - a 
7200 ' oT - ~ = - 
7.350 200 1b. iron ore 54 - - : 
8.00 200 lb. iron ore 5 Ce . - 7 a 
8.20 200 lb. iron ore 239~C«s os & we z ee 
8.55 A) PL OLS) “ é = Z 
8.50 : eh Ce im _ . e 
9.00 4hOO lb. Fe Si (47% Si) 

800 lb. Fo Mn (3&5 Mn) 
9.15 Tap 

16 Lb. Al to ladlo 
ind Analysis: | : 

C Si Mn P S Cr Ni 


0.23 O43 Obh O.O4L 0,032 0.26 0.16 


Cleaning and Heat-treating Practiccs 


Total rejections for scrap castings in the various shops are as fol- 
lows: Shon 1, 1.0 to 1.4 porcont; shop 2, 1.4 to 1.8 percdnt; shop 3, 5.0 
percent evorage; and shop 4, 10 percent average. The ordor of most frequent 
defccts was (1) shrinkage, (2) slag and sand, and (3) hot tears. 


Tho wol@ing was mostly elcctric, but on thin-walled castings atomic 
hydrogen welding was usod. Some buyers of castings required carcorul inspec- 
tion of defective areas prior to welding. Most castings wero weldod without 
Erchoating. Wolding rods wore of a composition similar to that of the cast- 
ings. Wclding roquircments wore high for certain railroad castings. Defccts 
must bo shown on bluc prints, which mst be sent to Berlin for review prior to 
approval ror welding. 


Bakclite-bonded swing-frame grinding whecls wore used and very woll 
likcd, Whools worc 50 mm, in diamotor and had a surfacc spced of 4 m. pcr 
second (13 fcot vor second), 
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Most stoels wore given a normalizing and tempering treatment. Most ar- 
mament steels, however, were quenched and tempered. All steels containing 
nickel were oil-quenched. The chromium steels were water-quenched. Castings 
weighing up to 150 tons were water-quenched in tanks 5 by 10 meters by 7 me- 
ters deep. Fort cupolas cf 2.2 percent chromium and 0.28 to 0.30 percent 
carbon steel were quenched in water at 900° €. (1,652° F.), removed from the 
water at 200° C, (392° F.), and tempered at 500° to 700° C. (932° to 1,292° F.). 


The oil tank was similar in size to the water tank. Both tanks were 
provided with excellent pump facilities and produce a good circulation of the 
liquids. The tanks held 140 cubic meters of liquids. The maximm tempera- 
ture permitted for the quenching oi1 was 80° Cc. (176° F.). 7) 


In some cases, such as Cr-Mo-V castings of complex design, the castings 
were first quenched in oil and then reheated above the critical and quenched 
in water. It was claimed that this was done to retard the possibility of 
quench cracking, 


The maximum capacity of the furnace employed for heating castings prior 
to quenching was 300 tons. The quenching racks held about 30 to 35 tons of 
castings, which were quenched at one time. Carbon steel (0.35 to 0.45 percent} 
of heavy cross section was often water-quenched. Light-sectioned carbon-steel 
castings of 6 to 7 mm, wall section occasionally were quenched in oil. 


Whenever possible, pilot castings were made and sectioned to ascertain 
the effectiveness of gating and risering methods. Costly castings were radio- 
graphed and magnetic-particle tested. The company had X-ray machines and 
magnaflux equipment. 


PART 4, - DEUTSCHE EDELSTAHLWERKE A, G., WERK HOCHFREQUENZ,. 
TIEGELSTAHL, BOCHUM 


The Deutsche Edelstahlwerke at Bochum is well known for. its production 
of high-grade centrifugal castings and for its extensive production of high- 
alloy irons and steels. Company officials interrogated wore Dr. Polzguter, 
inventor of the horizontal casting of tubes technique, and Mr. Haite, the 
Chief engineer. Dr. Polzguter outlined in detail the developmonts of cen- 
trifugal casting of long tubes. 


Early Developments - Centrifugal Castings 


In 1928, tho company first began its experiments with the centrifugal 
casting of ferrous metals.. They successfully produced gray-iron pipe in 
water-cooled molds. Shortly thereafter they attempted to make stcel pipe in 
water-cooled molds. It was their oxporience that the low-carbon and low-alic; 
stecls did not have as high fluidity. as the heat- and corrosion-resistant 
steels, so the latter wore used for the studies. However, whon water-coolcé 
molds were used for steel, poor results were obtained because of the formatic:: 
of hot tears and cracks. Bocauso of this condition, experiments were then 
made by using a heavy-wallod iron mold instoad of the water-cooled mold. 
Cooling was not fast cnough to make castings on tho production basis desirab-t 
Somo smill degree of success was obtainod in tho static casting of tubes by 
the uso of water-cooled copper molds, Thesc did not lend thomsolves to the 
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centrifugal.casting method because of their high cost, and as copper is soft, 
the wearing action due to the rolling of the copper mold on steel rolls was 
high, with the result that mold life | was very short, 


Further se nabinenke ian Shek water - cooled alloyed areal molds Der 
that sound tube castings could be made centrifugally with an outside diameter 
up to 250 mm,, 10-mm, wall thickness, and a length of 500 mm, If the 500 mm. 
length was exceeded, rejections increased considerably. The most strious’ ~~ 
trouble was that the steel froze to the mold, making it extremely ora 
to remove the tube and at the same time shortening the life of: the mold.” 
materially. 

" The goal of the company management was to produce tubes oe) meters in 
length. Several methods were tried to overcome the troubles arising from: 
freezing of stecl to the mold. These included (1) increasing ‘the number of 
revolutions of the mold, (2) controlling the temperature of the coaling water, . 
(3) varying the thickness of the mold walls, and (4) changing the shape of 
the spout. These experiments were very expensive, as often a mold was ‘damaged 
so that it could not be used any longer. Experiment proved thet by increasing 
the revolving speed or by increasing the speed of water cooling, hot tears 
formed. If water cooling was not employed, a | heavy mold was Reauiz ety. and 
the quantity of tubes produced was reduced. 


Experiments in lining the mold with chamotte wero then carried on. = 
chamotte lining was rammed with a minimum amount of water to a thickness of 
approximately 30 mm. Castings produced in such molds were good, but the 
chamotte stuck to the tubes, and considerable offort was required to remove — 
the casting from the mold and to clean it. There was no special advantage — 
in using the chamotte liner, as it was necessary to wait until the casting had 


cooled before attempting to remove it, except that thore were no hot tears or 
cracks. 


The next development was the use of chamotte lincr inserts; but. the op- 
eration was quite complicated, andthe results were not vory different from | 
those obtained by the usé of rammed chamotte. Dry silica sand was’then uscd 
as a liner as tho next development test. This manipulation proved succossrul, 
and led to the present practice, which was perfoctod in 1938. 


Prosent Practice | | 
| Washed. and dricd quartz sand of 0.2 to 0.6 mm, diameter ia pladed’ ina 
pipe, the size of which depends on tho inside diamotor of- the tube. The pipe 
has a slot along its length, the slot width being about one-fourth tiie circum- 
feronce of the pipe. The dry sand is wniformly distributod along the pipe. 
The mold (of a chromium-molybdenum steel) is rotated at high svcéd (1,400 
r.p.m. for a 9-inch o.d. tube), and the pipe containing the sand is rum into 
the mld. The pipe is tipped in tho. direction of rotation, and the sand is 
spilled into the mold uniformly along its length to a depth of 2 to mm, 
The sand is preheated at 100° C, (212" F.) so that it will be dry. It was 
found that if tho sand layer was much thickor than 4 m., too groat fusion of 
sand and stcel resulted; if thinnor than 2 m,., steel wovld fuse to the mold. 
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The entire centrifugal casting machine is then rotated vertically throvgh 
an angle of 5 degrees from the horizontal, the pouring end being elevated, The 
molten steel is weighed and then poured inate the revolving Molds | The mld 
continues to revolve until the casting cools to 1,000° Cc. (1, 832° F.), then the 
machine is lowered to the horizontal position, and the tube is pulled out of 
the mold. As the tube is removed, an auxilliary electric motor mounted on the 
machine slowly rotates the mold to assist in removal of the tube. 


The spout does not enter the tube, but stops at its mouth. In some cases 
an insulated mouthpiece is placed at the entrane of the tube to allow for easy 
flow of metal. One small to medium-diameter tube can be produced every 15 
minutes. Large-diameter tubes of similar cross section can be cast in 20 min- 
utes, Tubes weighing approximately 3 tons require 50 minutes, Wall sections 
as thick as 450 mm, have been produced centrifugally. Tho average length of 
the tubes is 3 meters (approximately 10 feet). Tubes 5 motors (approximately 
16-1/2 feet) long have been made, and experimental work on tubes 6 meters 
(approximately 20 feet) long is contemplated. The minimm wall thickness 
for 5-meter tubes is 15 to 20 mn, 7 


Mold thickness is the same (40 to 50 mm.) rogardless of tho wall thickness 
of the tube, as water cooling is relied upon as the cooling medium. Water 
entered the jacket surrounding tho mold at normal ci ty-wator pressure. The 
temperature of the outf lowing water was kopt below 60° C. (140° F.) 


A 120-horsepower motor was aged to revolve the mold. Spoeds were calcu- 
lated on the basis of the number of revolutions the inside diamoter of the 
tube made: 


; Inside | 

diameter, mn, R.v.m, 
Large tubes so. ~ 450 L.00 
Small tub CE seece 100 200 


The finish tolerances were 60 to 10 mm, on the outside of the tube and 

50 to 20 mm, on the inside. For gun barrels, a 20 mm, allowance was provided 
on the inside. A maximim of 2,000 tubes can be cast in a single mold if the 
wall section of the tube is Lese than 20 m, A mold life of 500 tubes is 
considered the minimum. Tvbes fail because of heat cracking. Most of theee 
cracks appear at the pouring end of the mold, and if they are small they can 
be welded, Cracks were not removed by boring out the molds to larger dia- 
meters as they were only of sufficient wall when constructed to permit a nor- 
mal degree of safety. If the tube wall was approximately 100 We, & maximum 
of 500 tubes could be expected from the mold.. 


Approximately 2 percent scrap was obtained if. a number of tubes of simi- 
lar diameter were being produced. Most scrap occurred on the larger sizes. 
Hot tears caused by mold resistance when the steel ran over the tube ends, 
and cold sheets resulting pee auberruptes pouring comprised most of the 2 
percent rejections, 


The management claimed that there was no solidification of the inner _ 
surface of the tube prior to progressive solidification from the outer wall 
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inward, even though the tube had a 450 m, inside diameter and 100 mm, wall 
section. No banding segregation causec by irregularities in pouring have 
been found, The only defect resulting from this condition was hot tears. 


Six small horizontal centrifugal casting machines operated by air pres- 
sure were available for producing cylinder liners wp to 60 pounds. These . 
machines were developed by the Deutsche Edelstahlwerke and were built by 
Deutsche Eisenwerke. 


The machine consists of a frame for transporting the molds to and from 
the rolls on which the molds rest in a horizontal position, The rolls are 
turned by a 10-horsepower compressed air-driven motor. The machine is very 
rugged and simple in construction, without complicated gearing, The molds 
are constructed of gray iron and are not water-cooled, Details of ming 
the cylinders are given under the section on the Ruhrstahl Annener Works. 


Three of the large Deutsche Eisenwerke A. G. Schalker Verein tube ma- 
chines were installed at the plant. These machines produced approximately 
250 tons of high-alloy steel tubes per month in 1944. Production of cylin- 
ders amounted to 50 tons per month. | us 


Melting Furnaces 


There were four high-frequency induction furnaces of the following ca- 
pacities in the plant: One 6-ton, 1,600 kv.-a.; one 4-ton, 1,200 kv.-a.; and 
two 2-ton, 600 kv.-a. All furnaces were acid-lined with silica brick, over 
which was rammed a chamotte lining, The melting time for these furnaces was 
1 to 2 hours with charge to top time of 3 hours, A small amount of sand was 
used as a slag COVEY. 


Static Castings 


All types of heat- and corrosion-resistant castings were vroduced at 
this plant (maximum 2 tons pouring weight), amounting to°400 tons per month. 
Eighty tons of magnet-steel castings (28 percent nickel, 13 percent aluminum) 
per month were produced from 120 tons of liquid steel. A small quantity of 
stellite hard-surfacing electrodos also were produced in sand molds. 


Castings weighing up to 900 pounds were produced in a green sand of the 


ee one mixture: 
\U/ Percent 


Silver sand (untie sand) 1 
Yellow sand (semi-bonded)l/ .o..ce. 15 
CLAY SANG 6420685066040 b00 0s 0W 06 08 46 | : 
Dextrine eooeeeeevcecongeeneosesnebeoens TT 
Water Seoeeseeesvepnesescenseveseoceoe 4-7 . 


1/ See Ruhrstahl Annener Works report. 


No sand-control equipment was used, Sands were preparod according to 
texture and plasticity determined by feel and observation. _The above sand | 
was used for facing. Backing sand was obtained by remlling and adding 
wator. Molds were sprayed with a mixture of water and dextrine, Cores wero 
made from the following mixture: 
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1.0%. 7562: : 
Percent 

Silver sand ecacecoee 

Yellow cand .ecceves 12 

rire clay eeeoeceevsnene e- 

O11 eeoeeseneveevegnse c- 

Water err re eer 5- 


JOU 


A core wash of silica flour, dextrine, and water was used on the larger cores. 


In molding castings, only external chills were used, Gating and risering 
of castings were not even orthodox. The risers were exceptionally high, and 
the necks were long and only about one-third the thickness of the riser. Sec- 
tioned castings showed cavities in isolated sections. Many small pieces were 
not fed at all except from gates. Pattern match plates were mace in cast iron 
and weighed anproximately 400 pounds for the 36 pieces, Branch gates were 
used with a 3/8-inch ingate 1/2 inch deep, 


The surface apvearance of all static castings was below normal. A soft 
grinding wheel was used for grinding magnets, If pressure is applied, the 
heat generated cracks the magnets. 


Water-quenching tanks were pvrovided for quenching high-alloy castings. 
Not all castings were quenched, however, All of the heat-treatment equipment 
was wrecked through bombing. | 


The high-frequency induction furnaces used for static molding in addition 
to those already listed are as follows: One 2-ton capacity furnace, one 1-ton 
capacity furnace, and one 100-pound canacity furnace. The Lining was acid, 
anc the melting practice was simply a melting-down practice, 


PART 5. - BERGISCHE STAELINDUSTRIE, REMSCHEID 


The Bergische Stahlindustrie at Remscheid is considered by German steel- 
easting authorities as outstanding in the production of thin-walled castings. 
Company officials interrogated were Dr. Rosch, technical director, Dr. H. 
Stein, foundry manager, and R. Hilsor, metallurgist. 


Production 


The company produced ingots, forgings, stampings, ‘and malleable-iron 
castings besides stecl castings. There were two steel foundires - one for 
miscellaneous casting production, including aircraft castings, and one for 
automotive and high-alloy castings. Ap»vroximately 425 skilled and semi- 
siilled workmen were employed in the two foundrics, 80 percont of whom were 
Germans working 60 hours -por weck, Many types of castings wore produced; the 
more importent, from the standpoint of quantity, were railroad castings, in- 
cluding driving wheels and brake-drum disks; automotive castings, including 
axel housings, drive wheels, etc.; k parts, including drive whoels, front- 
pieces, whcel housings, and drive housings; oil-drilling and refincry castings; 
motor housings for U-boats; housings for antiaircraft direction finders for 
land and submarine installation. Valves and fittings woro not manufactured, 
The miscellancous shop produced 700 to 800 tons por month and the automotive 
shop 400 tons per month of finished stecl. castings. 
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Basic Electric Melting rractice 


One each of 2O0-, 10-, and 5-ton Siemens Halske electric Surnaces were 
available, The 5-ton furnace had not been in use for some time, The furnaces 
were pasic-lined with a monolithic lining of dolomite. One covrse of magne- 
site brick was laid on the pan and up the sides. Classified sized dolomite 
mixed with 8 to 12 percent of tar was rammed to a depth of an»nroximately 400 
mn. (16 inches). Side walls were rammed behind forms. The average lining lire 
obtained was as follows: Bottom, 500 to 600 heats; side walls, S80 to 100 heats; 
top, 60 to 80 heats. The top was acid-lined with silica brick laid in the con- 
ventional manner, : 


The 20-ton furnace was stationary, whereas the top was constructed to 
slide back to permit top charging. The 10-ton furnace was side-charged from 
a chute, Carbon electrodes were used, but graphite electroces were preferred. 
The furnace spouts were lined with chamotte brick. They were well-prepared 
but were unduly long. No special precautions were taken to construct slag 
traps, and slag and steel were tapped together. 


All ferroalloy additions were heated at 500° C. (932° F,) prior to use 
to drive off moisture and hydrogen in the alloy. No special care was taken 
to pre-dry ore or lime, but these were kept in a warm place. 


Melting time for the 20-ton furnace was 3-1/2 hours, the oxidation period 
was 1-1/2 hours, and the refining period 1-3/4 hours. Total time from pawer 
on to tap was approximately 6-1/2 hours. Normally, 1,300 to 1,400 tons of 
liquid steel was produced monthly in the 20-ton furnace, A hoet log for the 
10-ton furnace is given in table 19, Approximately 850 tons of liquid steel 
per month was produced in the 10-ton furnace. 


No slag control was used except visval examination, It was general prac- 
tice to use two oxidizing slags and to keep the heat under a white disinte- 
grating slag for 1-1/2 hours. Fine coke dust was used to deoxiaize the slag 
With pulverized calcium-silicon to finish the slag deoxidation when it could 
be obtaincd, 


When the second oxidizing slag was removed, bar aluminum was added to 
the open bath in the proportion of apvroximately 1/2 pound per ton. As soon 
as the refining slag shaned wp to @ white slag, all of the ferrosilicon re- 
quired and the major portion of the mangénese necessary was adécd to the 
bath, This practicu was followed because it was experiencod from microscopic 
examination that hissher-quality stcel with fower inclusions was produced. 
Heats were never tapoed under a brown slag. Just prior to tanping, enough 
FoMn was added to bring the manganese content to tho desirod porcentage, and 
approximately 0.5 pound of aluminum por ton of stecl also was addod to the 
bath. A norosity satmle was then povred, which was made by pouring a spoon- 
ful of stecl into a grecn-sand mold (2 by 2 by |: inchos) of 5-poercent mois- 
turc. The stvel was continually skimmod, eso that pipe formtion could be 
watched, If the motal rose in the mold, the hydrogen contont was considered 
high, and moro aluminum was addod. 
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The technical staff believed it. could differentiate between porosity 
caused by hydrogen and nitrogen. If the cavities were silvery and of smooth 
appearance, the porosity was caused by hydrogen. If the cavities were not 
shiny or silvery in appearance, nitrogen wae responsible for their presence. 


The heat was tapped after a minimum ‘of 1 560° C, uncorrected temperature 
(approximtely 3,050° F, corrected) was obtained. The temmeraturé was re- 
corded by sighting an optical pyrometer on a spoonful of steel, Some fluidity 
studies had been made by the technical staff with both the spiral and the 
straight-bar test molds. All tests were made in dry-sand molds. Tests were 
discontinued, as it was observed that the grain size of the sand produced 
considerable Srnonence in the fluidity results, 


Dain: the heat, phosphorus was reduced from 0.6 to 0. 25 percent and 
baie, from 0.025 to 0,010 percent. The residual aluminum content averaged 7 
about 0,008 percent; with a maximum content of 0.02 percent. Both carbon and 
alloy steels were produced. The favorite alloy steel, which was also used 
for cast armor, was carbon, 0.20 to 0.40 percent; chromium, 2 2 percent; “molyb- 
denum, 0.20 to 0.30 percent; vanadium, 0.10 to 0.20 percent; manganese, 0.60 
to sea percent;, and silicon, 0.40 to 0.50 percent. 


‘The 20- ton furnace averaged 750 to 800 kw. -hr. per ton, and the 10-ton 
furnace averaged 800 to 50 kw.-hr. per ton. | 


The ladles were Lined with high-grade (nigh A1,0% content) chamotte 
brick. Ground-silica brick and pepcune chamotte were uscd as the ‘bond materiel 
botween the brick, 


Acid Electric Practice 


Bergische Stahlindustrie was one of the two stcol foundries in Germany 
using the acid electric process. Three 2-ton Heroult furnaces (2,400 Kv.-a.) 
were overloaded to molt 3 and 4 tons. Tho furnaces woro thinly lincd, and 
stand-by shells were provided for relining while the furnaces were in opera- 
tion. The furnaces wore chargod with basic oloctric furnace steel in the 
form of foundry returns. Tho acid steel was produced in tho foundry manufac- 
turing automotive castings, Tho reason given for the uso of tho acid steel 
was that the castings werc not requircd to equal the high ouality of those 
produced in tho miscollancous-casting shop, Also, the groeator fluidity of 
acid stecl was desired for tho hand shanking of castings. A high degree of 
fluidity was necded, as cach moldor was required to pour the castings he 
produced. 


Each furnace was able to produco four heats in 20 hours. Mclting time 
roquirod 2 to 2-1/2 hours, and the oxidizing period plus tho rofining poricd 
equaled 1-1/2 hours, The furnacc was constructed with a thin refractory lin- 
ing so that it could hold a largo quantity of stcol, Only onc course of silica 
brick was uscd on the sidos and threc courses on the bottom, Sand and water 
glass wore mixod together and rammcd to a depth of 150 to 200 mm, to complctc 
the building of the bottom, Tho life of the linings was as follows: Botton, 
60 hoats maximm; sido walls, 60 hoats maximm; top, 150 to 180 heats. 
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Melting practice consisted of acding iron ore to the charge and then 
making another addition of ore at melt-down time. A total of 550 pounds of 
iron ore normally was added to a 4-ton heat (approximately 7 percent of the 
charge). The carbon content at melt-down was normally 0.30 to 0.40 percent. 
It was claimed that following the boil the carbon content was 0.15 to 0.20 
percent and that the heats finished 0.20 to 0.30 percent carbon. The manga- 
nese content after the boil was normally 0.10 to 0.15 percent, whereas the 
silicon content was 0.02 percent at the same time. Carbon briquettes were 
added to the charge if it was believed that the carbon content would be lower 
than 0.50 percent at melt- down. The FeO content of the oxidizing slag was 
25 to 4O percent, 


Spiegeleisen was used to slow the boil. It was the practice to boil the 
heat for about 1 hour. A partial glag-off was made at the end of the boil | 
to lower the FeO content. Sand was then added to form the second slag, fol- 
lowed by a limestone addition to thin the slag if such were necessary. Lime- 
stone was used in preference to fluorspar because it was claimed that fusion 
of the slag proceeded at a faster rate. It was the praetice to dip the elec- 
‘trodes into the bath whenever it was necessary to recarburize the heat, 


Slag control waz not ‘used, axéest for examination of the fracture collar 
of the slag. A light-green finish slag was the aim. During the refining 
period, a silicon reduction of approximately 0.13 percent was obtained. Ferro- 
Silicon was added 20 minutes before tapping, and ferromanganese was added 5 
minutes before tapping, The FeO content of the slag prior to tapping was 
thought to be 8 to 12 vercent. Aluminum additions were made to the bottom 
of the ladle at the rate of 0.9 to 1.1 pound per ton, and the steel was tapped 
upon it. No arrangements were made for holding back the slag. The ladle slag 
was thought to be as follows: 2-percent FeO, 9 percent MnO, 60 percent Si0 
and 10 to 15 percent CaO. The tapping temperature was l, 570° C. Gnecerececd: 
as a minimum (3,075° F, corrected). A typical acid electric heat log is _ 
given in table 20, , 


Alvminum was always added to the hand shanks at the rate of about 0.4 
pound per ton. Chromium recovery could be expected at a rate of about 65 per- 
cent. It was also the practice to save the aa and use those 
on low-chromium heats, 


In the use of ferrosilicon, it was the normal practice in Germany to use 
the 75-percent silicon type because of the lower percentage of. oe present, 
ig 


It was believed by the technical staff of this company that the h aluminum 
content of the 5-percent silicon type was responsible for the presence of HP. 
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Final analysis: 


TABLE 19. - Basic electric heat log, 10-ton furnace, 


Deutsche Edelstahlwerke, Remscheidc 
0.27% C3; 0.68% Mn; 0. Ls Si; 0.03% P; 0,00%5 S, 


Time Sample Remarks Analysis 
0,00 Power on; weight of charge 19,000 ‘lb. 
2.00 Melt down; 200 lb. iron ore, &0 lb, fluor- 
snar; 300 lb. lime; €O lb, limestone. 
2.40 1st 0.56% C 


2.50 200 lb. iron ore; 80 lb. limestone, 
3.20 lst oxidizing slag removed. 
5.25 450 lb. iron ore; 120 lb. fluorspar; 600 
Lb. lime. 
3250 2d oxidizing slag removed. 
bry) 3a 0,18 C3 0.14% Mn 
558 0.5 lb./ton aluminum, 200 1b. lime. 
4.00 260 lb. spiegel; 45 lb. carbon briquets; 
120 1b. fluorspar;. 300 lb. lime. 
4.20 3a oe | 0.205 C3 0.25% Mr 
4.25 Porosity sample: Rising, 75 lb. Fe Si 
(75% Si). _ | 
44O Porosity sample: Shrinking, 200 lb. 
pig iron. 
4 50 Porosity sample: Slight rise, 20 lb. 
Fe Si (75% Si), 8 lb. total Al added, 
Porosity sample: Shrinking. | 
5.00 ‘Tapped - kw.-hr./ton: 880, © 


Final analysis: 


TABLE 20, ~ Acid electric heat log, 4-ton furnace, 


Deutsche Edelsetahlwerke, Remscheid 


0.31% C; 0.584 Mn; 0.50% Si; 0.048% P; 0.04 S. 


Time Remarks 

0.00 Power on; weight of charge 9,000 lb. 

1,40 Melt down. 

2.25 lst test: 0.254 C. 

3.10 2a test: 184 C, 

3515 90 lb. spiegel; 20 lb. Fe Si (45% Si); 60 lb. sand. 
3.40 3d test: 0. 29% C; 0.530% Mn; 10 lb, Fe Si Ane Si). 
4 00 kth teat: 02552 2 290 lb, apledelc 

4.10 5th test: 033% 

4.20 Tapved; 0.2 lb. pare to ladle. 


Kv, -hr./ton: &20, 


Induction-Furnace Melting 


Three high-frequency induction furnaces were employed for the producticr. 
of high-alloy castings, as follows: One 800-pound capacity and two 2,0C0- 
pound capacity furnaces. Approximately 1C0 tons of liquid high-alloy steels 
were produced monthly, which yielded 60 to 80 tons of finished castings, 
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furnaces were ecid-lined, but no slag was employed, The melting method em- 
ployed was a@ straight melt-cown practice. Castings produced Were mostly pump 
parts for the chemicel industry. Return bends of 5-percent chromium and 0.5 
percent molybdenum also were produced. 


Molding Practice 


Castings weighing up to 2,000 pounds were molded in Green anda dry sands. 
Castings weighing over 2,000 pounds were molded in chamotte containing 30 to 
50 mm. (anproximately 1 to 2 inches) as facing sand. The green and dry sands 
were made similarly, the only difference being that all the alloy steels were 
made in oven-dried sands, whereas the carbon steels were procuced in green 
sands. These sands were made by mixing quartz (silver) sand and clay. Two 
types of clay were used - (1) Westerwalde and (2) Rhine area, The Rhine area 
clay had about twice the bonding power of the Westerwalde clay. A synthetic 
bentonite produced by Huttenes, Dusseldorf, was used in conjunction with the 
dextrine sand, The green and cry sand mixes used were as follows: 


a Type A ane B nee C 
Silver sand, parts ....+. il 


Rhine area clay, parts .. - 

Westewalde clay, parts.. 6 - - 
DEXtFING; DELCH 465664 sex 1 1 1 
Bentonite, parts ..ccesee - - 1.5 
Water, percent secsorecee 5 5 2 


The permeability of the sand was low, Molding sands »vrevared for cast- 
ings weighing near the dividing line between green sand and chamotte were in- 
creased in clay content. Small cores were produced from types A and B, but 
large cores were made of an oil sand as follows: 


Parts 
Silver sand .esesseee LO 
CIBY c1déesceesveoe Lec 
Radiol of11 ...eeee. 1-1-1/3 


Core wash was not used, and cores were dried at 180° C. (356° F.). The chamotte 
sand was prepared by mixing 18 parts chamotte with 3 to 6 narts clay. Chamotte 
molds were dired at 4oo° c. (752° F.). 


All green, dry, dextrine, and chamotte molds were shaken out in one place. 
The mixture was then milled, water was added, and the mixtvre was used as 
backing sands for all molds, either chamotte or grcen-sanc. 


Molds for high-dlloy castings consisted of dextrine to which 2.5 to 3 
percent sulfite lye (lignin) and 4 percent water were adticc, © 


The sating and heading requirements of the castings was worked out in 
the pattern shcp by a rcsponsible enginecr. Rules applied were chiefly those 
adopted as the result of nast experience, Pilot castings wore studied only 
if the quantity to be mace would warrant the expense and time required. 
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Aircraft castings were radiogranhed in. accordance with government svecifica- 
tions. .-Castings for U-boats weighing 1,000. and 1,500 pouncs were given 100- 
percent magnetic-particle inspecticn.. Test: bars were placec. according. to 
customer requirements. An attemot was made to follow controlled directional 
solidification requirements, anc gating into risers was practiced whenever 
possible. No internal chills were used on castings requiring high strength. 
. External chills were used liberally; for example, 60 chills.were. vsed.on a 
tank-armor custing that seve.a 35-percent yield.: .Some — were produced 
we (a railroad brake- drum dis! c) with only a 50-percent yield 


+The shienees: sneting produced, | For: a Leek: ‘front gear housing, had a 
Pir aia wall and. was 12 inches long. Most castings, however, had a wall 
Bei greater oe half an inch. | so : 

: Most risers were paved from the easeine: en large disk saws, Company 
officials realized that this practice was more expensive than burning off the 
risers, but it was preferred because of the clean and neat cvt. As the cut- 
off disk could not be brought close to the casting, in many cases considerable 
erinding was necessary. Company officials were not particularly interested in 
the technology of grinding or cleaning. Swrface appearance of the castings 
was not exceptional. - The larger castings produced in chamotte had the best 
surfaces. The surface on the high-alloy castings was very. rovgh, necessitat- 
ing considerable cleaning and much .grinding. 


Approximately 2 to 3 percent of the castings produced were scrapped. 
* Individual castings, such as the drive-whéel castings for Tiger tanks, showed 
“ scrap losses as great.as 20 percent. Most scrap losses were due to hot tears 
and quenching cracks. As the castings contained such a largo nronortion. of 
risers, only few rejections resulted from shrinkage. Approximetoly 40 percent 
yield was all that was obtained for the entire plant production. Twenty per- 
cent maximum rejections ‘were obtained for aircraft castings. These rejectiors 
were due chicfly to quenehing: cracks sseneeiad outside the tolcrances 
specified. oe eee 28> 
Normally, clectric-are welding was wee Yor peeaeiee. but on thin-walled 
‘ edstings atomic hydrogen welding was preferred.: Carbon stocl and low-strength 
steels were welded with carbon and low-alloy wolding rods. Prcheating was 
not usod, but castings were heated above the critical aftor welding. Highly 
stressed castings, such as the chromium-mol;bdcnum armor castings, were welded 
-with austenitic rods. Theso castings were wolded without prchcating and were 
not stress-rolicved. a cee | ; 


Castings wore annealed in 15- to 20-ton furnaces, The enncaling trceat- 
mont preceded a quonching troatment if this was roquircd. Only a small per- 
centage of the. product. was normalized or wator-quenchned, whorcas epprcximatcly 
260 tons of finished castings per month were oil-quenched. The oil- scircula- 
tion: _requirement wes that the oil temecrature should not oxcoce 120° C. 

(248° F.), Normally, the.oil temporature was 60° to G0° c. (140° to 176° F.). 
The hoating rurnaces fcr’ guenching handled. loads vp to: 16.tons and wore gas- 
fired... A batch of 2 to 4 tons of castings #as-quonchod at ono timc. The 
production of aircraft Sauenees resulted in a higher porccontago of quenched 
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castings than is normal. The properties or the Cr-Mo-V steel used for armor 
are as follows: 


Chemical 
analysis Percent Heat treatment 
C 0.38 Normalize “9009 C. (1,652° F.). 
Mn 66 Oil-quench 850° Cc. (1,562° F.). 
Si sur Temper 550° C. (1,022° F.). 
P 021 Mechanical properties. 
S ~009 Tensils psi, 85,000-92,000, 
Cr Cee) sts “Yield psi, 71,000 min. 
Mo 526 . Elongation %, 25 min. 
Vv gi): “Reduction of area %, 45 min. 


tt 
PART 6, - DEUTSCHE EISENWERKE, MULHEIM 


ee ; 

The Deutsche Eisenwerke in Mulheim is a large steel works consisting of 
blast furnaces, coke ovens, ingot production, rolling mills, forse plant, 
cast-iron foundry, and steel foundries and employing 8,000 worlmen. There 
were two steel foundries - a small casting foundry producing castings up to 
approximately 300 pounds and a large casting foundry making castings of 150 
pounds to several tons. Total production of the two foundries in 1944 was 
approximately 2,500 tons per month. The small foundry was 95 percent in 
working condition, whereas the large foundry was about SO percent ready for 
operation. Company officials interrogated were P. Bergmann, superintendent 
of the small castings foundry, and R. Nikolay, superintendent of the large 
castings foundry. 


small Castings Foundry 


Steel for castings produced in this foundry was made by both converter 
practice and electric furnaces. Approximately 70 percent of the molten steel 
produced, or 1,050 tons per month, was made by the converter practice, 


Converter Practice . 
SOE aU IT ITE IT TIED 


Four cupolas with an inside diameter of 60 cm. (24 inches) were available 
for producing molten iron for the converters. These cupolas produced iron at 
the rate of 6 tons per hour. Only two were operated at a timo while the re- 
maining two were being prepared for operation. The two furnaces in operation 
ran 16 hours a day for three days before the bottoms were dropped. They were 
banked at night. The charge consisted of 70 to 80 percent steel scrap, ap- 
proximately 5 percent silvery pig iron (low-silicon pig), and the remainder 
was hematite pig iron. The content of cupola iron at the spovt was 2.1 to 
€.5 percent carbon, 1.5 to 1.7 percent silicon, 0.3 to 0.4 percent manganese, 
0.07 to 0.08 percent phosphorus, and O.1 to 0. 16 percent sulfur. 


The cupola iron was desulfurized with powdered, fused, soda ash at the 
rate of 0,01 percent of the weight of the charge. The sulfur content was 
reduced to 0.06 to 0.08 percent. For certain castings, whore the maximum 
Sulfur content is not specified, desulfurization is not reqvirod. The cu- 
Pola melting loss was calculatcd as approximately 10 to 12 rorcent. 
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Four side-blown, acid-lined converters were available for making steel. 
The capacity of these furnaces was 1.7 to 2 tons. Two blastmen overated the 
fovr converters. The converters were lined similarly to those described at 
Gusstahlwerke Risch (see Part &). The lining life was 20 to 100 heats. Ap- 
proximately le converter shells were available for relining, so that there 
were always completely lined shells ready for use. Blowing time was 15 to 
17 minutes, with finishing carbon content approximately 0.10 percent. Ferro- 
manganese and ferrosilicon were added to the hot ladle and permitted to heat 
to about 600° C, (1,472° F.) prior to tapping the converter heat. Bar alvmi- 
num wes plunged into the ladle at the ratio of 4 pounds per ton. Steel was 
top- and bottom-poured from acid-lined ladles. Average analyses of carbon- 
steel castings produced from converter steel were as follows: 


C Sis Mn P 5 
0.25 0.29 0.68 0.075 0.108 
“Oo 033 00 O81 .099 


Electric-furnace Practice 


A 3-ton and an 8-ton furnace were available. The 8-ton furnace has not 
been in use for the last 2 years, as the transformer equipment has been da- 
maged. The furnace was operated according to basic »yractice, Wall live was 
approximately 100 heats, and the life of the silica roor was about 60 heats, 
The 3-ton furnace was charged upwards to 4-1/2 tons. The lining life wes 70 
to 80 heats, whoreés the roof life was 50 to 60 heats. A vroduction of 450 
tons per month was obtained from this furnace. All low-manganese ana all l2- 
to lh-percent manganese steel, approximately one-third of the electric-furnace 
production, was made in the electric furnace. The furnaces were lined in tke 
usual manner employed in Germany of ramming a mixture of dolomite and ter on 
top of the magnesite brick. All clectric-furnace steel was poured from bottoz- 
pour chamotte-lined ladles, except the 12- to lh-percent manjanese steel, which 
was top-poured. A furnace log for the 3-ton electric furnace is given in 
table el. 


Molding and Casting Production 


Molds were both hand-rammcd and machine-molded. A number of squeeze 
machinos and jolt, squueze, roll-over machines were available; however, cast- 
ings were removed from these machincs by large overhead cranes, Sand was 
delivered to the machines in buckets by overhead cranes. Lac}: of mold-moving 
facilities, such as roller conveycrs, etc., was responsible for low produc- 
tion from the machines. A review of gating and feeding mcthods revealed that 
for thc most part the risors wore too large, poth_ in height ana diameter, for 
the castings boing fed. This accounts for tho fact that only 50 percent 
yicld was optaincd for castings that in general were not or complicated de- 
sign. Some castings, wnich were not cf high quality, wero procuced with vir- 
tually no risers. Whenever possible, the casting was gated cow riscrs, All 
gates and riser patterns were loose-monted, which led to tho misplaccmont of 
riscra in some cases, The technique of the application of gatos and risers 
and tho lining-up of molding roquiremcnts appoarcd to bo rather poor. 
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The sand for this foundry was called a green sand, though the molds were 
permitted to air-dry before pouring. The facing-sand mixture, by weight, for 
the green-sand molds was as follows: | 

Percent 
Silver (quartz ) SONG, 2:6 6eaneie a6 ree ece-eie-s 42.0 
Ratingen (natural-bonded) sand .eccces 32.0 
Old sand (used facing sand) eeovcceccece 52.0 


Core binder (cereal ) eoeecvccceososcceos 2.5 
Radiol (core oil) Coeeercocosseosoeceose Lo 


Moisture CROCCHC ESCH OOEHO LECTED OC OC EOREHEEO®S 7-8 


The sand mixture was quite dense and air-dried to a very hard surface. No 
wash was used. The casting surface was rather voor, and the sand did not 
peel easily. ‘Daily sand testing was carried:on, and tests were made in the 
Georg Fisher Co, testing equipment. Castings were not cleaned prior to an- 
nealing. A heavy oxide scale was formed during annealing, which aided in re- 
moving the sand from the castings. All castings were given an annealing heat 
treatment. The casting surface was very poor, probably because nearly all 
castings required rough machining at the plant. 


Miscellaneous castings were produced, including castings for tanks, gear 
housings, bearing housings, and truck castings. Brake drums for airplanes 
made of 0,80- to 0,85-percent carbon steel were water-quenched after anneal- 
ing. This casting was an ideal one for centrifugal casting vote was produced 

statically at this plant. 


Large Casting Foundry 


Melting equipment in the large casting foundry consisted of two 15-ton, 
acid, open-hearth furnaces, one 20-ton, basic, open-hearth, one 10-ton, 
basic, electric Stein Roubai furnace, and one 6-ton, vasic, electric Siemens 
furnace. The basic open-hearth furnace was used for melting plain carbon 
steel, whereas the electric furnaces produce both carbon and low-alloy steels. 
Prior. to the war, three open-hearth heats were produced per day, which was 
equivalent to about 1,300 tons per month. During the last few years of the 
war only two heats were made per day, or approximately 700 tons per month, 
This reduction was due to the fact that the electric furnaces were installed 
during the war years. The electric furnaces produced 3 to } heats per day, 
or 1,600 tons per month. Of the total basic open-hearth and electric furnace 
production, only 1,000 tons of molten steel was used for castings in this 
shoo, This figure did not include the 600 tons of liquid stcel’ produced 
monthly by the acid furnaces, The acid steel was used exclusively for mine- 
car wheels and for narrow-gage. dump-car wheels, Acid open-hcarth steel was 
used for these castings because they were not high-quality castings with lin- 
its on phosphorus or sulfur contents; also, it was desired to top-pour these 
castings from small ladles, Approximately 66 porcent yield was obtained on 
these castings, or about 400 tons of finished wheels per month, Only carbon 
steel was produced in the acid open-hearth furnaces. 
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The production of basic furnaces (one opnen-hearth and two electric) was 

5O percent for ordnance work and 50 percent for machine parts, which includec 
rolling-mill machinery, mining castings, gears, hydraulic presses, blast- 
furnace parts, and railroad castings. The steel-making practices of the basic 
furnaces were similar to those found in other German foundries. A typical 
ai log of the 10-ton electric furnace is insluded in table 22, Some 1.0 to 

1.5 vercent chromium armor castings for tanks were produced. These were oil- 
quenched, but during the latter part of 1944 they were water-quenched, owing 
to the lack of oil. 


All the large castings - the majority of. the castings - were cast in 
chamotte molds. Casting surfaces were improved as compared with castings 
produced in the small foundry. Heading and gating were orthodox. 


One interesting development was the production of track Guide wheels 
for tanks. These wheels weighed 170 pounds with gates and pices and 140 
pounds with gates and risers removed, or a yield of 82 percent. The steel wes 
poured in a permarient cast-iron circular mold produced in three parts and as- 
sembled by locking the metal molds one on top of the other. An oil-sand core 
was set in the center of the assembled mold, a green-sand core, including the 
risers, was rammed up and placed over the metal mold. Ixcellent directional 
solidification was obtained toward the center of the wheel, The cast-iron 
molds were 5 inches thick. The mold was poured through the risers. Monthly 
production was 2,000 wheels per month, and it was stated that production 
could have been more than doubled if the demand required it. 


One portion of the foundry was devoted to the production or 150-mm, pro- 
jectiles. Approximately 900 tons per month of converter steel was used to 
produce 800 tons per month of projectiles, The steel for these projectiles 
wag made in separate unit of two cupolas and one side-blown 2-ton converter. 
The projectiles were made of carbon steel of the following analysis: Carbon, 
0.35 to 0.45 percent; manganese, 0.70 percent; phosphorus, 0.10 percent maxi- 
mum; sulfur, 0.15 percent maximum, The projectiles were civon on an annealin: 
treatment. The nose of the projectile was not cast as a part of the shell. 


The projectiles were poured into cast-iron molds. The mold was so con- 
structed that four projectiles wore cast in the same mold, An oil-sand core, 
thickly washed, was inserted at the nose portion of the projectile to stand 
upright. The base of the projectile was uppermost in the mold and was stoppcc 
off at the proper height by a cover core. The cover core contained 8 pencil 
gates of 1/2-inch diameter cqually spaced around the circumferonce of the 
projectile. Stcel was poured into a centrally placed runner cup, which dis- 
tributed steel to the four molds. The projectile section was approximately 
1-3/8 inches, Risers were not used to fecd the casting, and tho inner surfec< 
of the projectile was not machincd. 


Rejections of faulty castings were as follows: 
| Percent 
Small castings shop ecovocesonce 7-9 
‘Largo castings shop esvoeceesercesn 5-h 


Most defects were caused by shrinkago, hot teers, and misruns. 
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TABLE 21, - Hoat log for 3-ton basic eloctric furnace, 


Doutsche Eisenworko, Mulhoim 


Snecification: 
C Mn Si ae S Tensile: 
O42 ° 0.55 0.35 °0,030 0,020 85, 000 
046 .60 Max. Max. Peele 
Charge: 
Pounds 
Steel SCTED ceeacccccsevves 3,000 
Gates and risers ar a ee oe 4,000 
Turnings eeceoeeeseereeeseenes 2,000 
9,000 
Analysis 
Time Remarks Co Mn P 
0,00 Power on oe 
2.45 lst sample 0.30 
5.10 ‘ Boil °* 
52350 ed sample 12 0.16 
4.40 Slag removed; recarburized 
4.15 3d sample 236 
150 lb. spiogelecisen (18% Mn) 
10 lb. FcMn (70 $ Mn) | 
5.00 kth sample 442 06 0,026 
60 lb. forrosilicon (29% Si) 
5045 Tapped approximatcly, 8,600 1b. 
25 lb. CaSi in ladle 
End analysis: 
C Mn Si P’ S 


O42 0.68 0.27 40.028 0.019 


Current consumtion: 790 kw.-hr./ton, 
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TABLE 22, - Heat log of 8-ton basic electric furnace, large foundry, 


-Deutsche Eisenwerke, Mulheim 


ovecification: | 4 . - Tensilo 
C Mn oi P S) strength 
0.24 0.50 0.45 0.05 0.02 ~ 65,600 
028 ~ 60 55 Max, Max. DeSelia 
Charte: 


Pounds 
Steel SCTED seeccvevcecccees 3,200 
Gates and risers ..s.oosesesell, 600 
Steel scrap (1.2 Mn) ..... 4,400 
TUPRINGS. <5 soseies wc edueew,. 0,000 


26,000 


Analvcsis 


aE Re, 
Time Remarks C Mn P Ss 
C.00 Power on 
S645 lst test 0.34 0,028 0,00 
360) Boil 
415 2a test | 19 0.10 ,02 O45 
4 20 Slag removed 
4, 30 450 lb. spiegel (18 Mn) 
5.00 3d test, 300 lb. FeSi (45% Si) 4h LOC 2 O40 - 
5.30 hth test, 35 lb. FeMn (705 Mn) ~ ee : 2035 - 
6.00 Tapped, 6-1/2 1b. aluminum in ladle 


Tapped approximately 24,600 lb. 


Current consumption: S10 kw.-hr./ton 


Ind analysis: 
C Si P S 


Mn 
O.2h 0.67 O40 0.018 0.018 


PART 7. - SMALL STEEL FOUNDRIES OF THE RUHR 


Gusstahlwerk Risch, Bergisch Gladbach 


Gusstahlwerk Risch is a medium-size foundry producing approximately 5C- 
tons per month of miscellaneous steel castings and employing 180 men. The 
company operated an up-to-date pattern shop and an extensive machine shop fcr 
the rough-machining of castings. The plant stopped operating on March 7, 
1945, when United States troops moved into the area, The plant was not da- 
meaged. The individuals interrogatec were Mr. Risch, the manager-owner, and 
Mr. Vorhaver, the foundry superintendent. 


During the war approximately 60 percent of production was ordnance cast- 
ings, such as gun mounts, machine-gun housings, tank drive wheels, and othe: 
miscellaneous tank parts. The remaining 40 percent consisted of mine-equir- | 
ment castings, locomotive castings, gears, and miscellaneous machinery 
castings. 
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Basic Electric Practice 


The company operated a 2-ton basic electric furnace, which was used to 
make carbon and low-manganese steel. It was lined with magnesite brick on 
the bottom and side walls, over which was rammed dolomite and tar to form 4 
monolithic lining. Maximum refractory life for the side walls was 100 heats; 
the everage life was 86 heats. Maximum roof life was 86 heats; the average 
was 70 heats, The roof was lined with silica brick, Voltage taps of 155 and 
80 were available and used, The electrodes were graphite, and production rec- 
ords showed 1 ton of steel melted per 15 pounds of electrodes consumed, The 
kilowatt hours ranged from 800 to 990, with about 880 as average. The prac- 
tice followed was the typical basic electric-arc practice used throughout 
Germany and »reviously described. The only difference was that the ferro- 
alloys were not heated prior to their addition to the bath; also, aluminum 
was added to the ladle in the ratio of 0.5 pound per ton. 


Converter Practice 
One 2-ton acid-lined converter produced approximately SO vercent of all 


the steel made for castings. Two cupolas were available to provide the con- 
verter with molten iron. The cupola charge consisted of: 


| Ke. Percent 
Hematito: pig tron: “asses siewesesssceeses: (110 ETeD 
Blast-furnace Si pig eeccecvccccccacecses L5 ory 
Spiegeleisen (15% Mn ) COCC CoC ROC ORDO oEEDE 20 20 
Steel scrap stampings eececccssccecceses Led 30,0 


Cast steel (foundry returns ) poscseseses§ 153 3.8 
‘ | oo = (880 1b.) 


The hematite pig-iron composition is as follows: Silicon, 3.2 percent; 
carbon, 3.8 percent; manganese, 0.80 percent; phosphorus, 0.08 percent; and 
sulfur, 0.04 percent. The analysis of the blast-furnace silicon pig iron 
is: Silicon, 10.0 percent; carbon, 3.e percent; manganese, 1.5 percent; 
phosphorus, 0.06 percent, and sulfur, 0.04 percent. The cole content of the 
cupola charge was 14 percent and the limestone content was 7.5 percent, 


The cupola loss was 13 percent in metal and 10 percent in silicon. A 
sulfur pick-up owing to the sulfur content of the coke and scrap took place, 
so that the cupola iron at the spout had approximately the following compo- 
sition: Carbon, 2.7 to 3.0 percent; silicon, 1.3 to 1.6 percent; manganese, 
O.50 to 0.60 percent; sulfur, 0.12 to 0.14 percent; and phosphorus, 0,06 to 
©.O7 percent. For preliminary heat generation the management preferred about 
O.55 percent manganese, and by experience it was found that silicon in the 
ranges given above was the most satisfactory, A silicon content of about 
1.6 percent is used for the first few charges after starting with a cold 
converter, After three heats are blown, the silicon is reduced to 1.2 to 
1.5 percent. Sulfur and phosphorus are kept as low as possible. 


Pulverized soda ash is used for desulfvrizing. Approximately 15 pounds 
soda ash are used per ton of cupola iron (0.7 percent). The soda ash plus 
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2 aounas per ton of briquet coal are added to the bottom of the ladle, and 
the cupola iron, the temperature of which is about 1,300° C. (2,372° F.), is 
tapped on top of them. The sulfur is reduced from 0.12 to 0,14 percent to 
about 0.05 percent. The sulfur- -containing | slag is removed, and the cupola 
iron is weighed, It is now ready for charging into the converter. 


The converter is lined Dy eee & course of chamotte brick next to 
the shell, @s shown in figure 3. A layer of quartz refractory bonded sand 
(Eisenberger Klebsand) is rammed against the bricks to a depth of about 150 
mm, on the side walls and to a flat base on the bottom, shown in figure 3. 
Analysis of the Eisenberger Klebsand is as follows: .91.67 percent Sido, 0.41 
percent Ti0o, 0.58 percent FeO, 6. 71 percent. clay, 0.14 percent MgO, and 0.49 
percent alkalies. | 


The bottom of the converter is constructed of silica brick, and the 
sides are sahped by means of large snecially shaped silica brick. The removal 
top of the converter is rammed with the refractory sand, and the chamotte 
brick is used as a shell lining; and spovt cover, 


Large bricks are used in order to keep the number of joints to a mini- 
mum, These bricks are 10 cm, (4 inches) thick, which enables fvll use of 
them before relining. An average of [5 to 90 heats per linin;; was obtained, 
with a maximym of 105 heats for the type of lining describec, The average 
life of converter lining in German. foundries using the converter, according 
to company officials, is about, 50 heats. _ It was believed by these officials, 
that the type of lining cescribed will have neerly double the normal lining 
life. The moistiwre of the rammed sand mist .be kept as low as possible. Nor- 
mally, not. to exceed 5 percent moisture is used, The tuyere walls are also 
lined with silica brick. One lining requires 28 specially shened radial 
bricks and:164 standard silica bricks. Silica mortar with the addition of 
a emall percentage of clay is used. Three days are required to dry a lining. 
The converter is then filled with coke, and air is blown throvgn for 1 hour. 
Preheating of the converter, is very important to Preven’ excessive melting 
losses. 


Phe*weighea iron is sadied to the converter, which is rotatec about 5 
degrees until the top of the bath reaches the tuyeres, at. which time the air 
blast is started. Blowing a. charge requires 15 to 25 minutes, cepending on 
(1) the latent heat of the converter, (2) the temperature of the cupola iron, 
(3). analysis of the charge, (4) weight of the charge, and (5) blast pressure. 


High blast prossure shortens the heating time, but if the blast is too 
high the melting losses are high. It was the experience of the company that 
the blast pressure for a 2-ton converter should be (2- to 3-inch water colum) 
3 to 4.5 pounds ner square inch, Motel loss in the 2-ton converter was 7 to 
8 percent... There was also a lining loss. This condition was corrected by 
increasing the weight of the charge by abovt 200 to 400 vounds per day. Ap- 
proximately 25 heats can be made in 12 hours. 


The blow is stopped when the carbon content of the bath is about 0.06 
percent, The steel is recarbonized by the addition of Spiccgel and ferroman- 
ganese to the converter. These alloys are added after they have been 
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furnace-heated to about G00° C. (1,472° F.) to avoid excessive loss of manga- . 
nese. As is shown by table 23, manganese losses of 20 to 25 vercent can be 
avoided by preheating the ferromanganese. FTerrosilicon is nlaced on the dot- 
tom of the ladle. The heat is tanoed at anproximately 1700" C. (53,0929 F.). 
Additions of 1/4 pound aluminum per ton of steel are added to the ladle. Acid- 
lined ladles were used for both electric and converter steel. H#lectric and 
converter steel were similar in mechanical properties except for impact val- 
ues, and in this case the impact value for converter steel was avovt half that 
for electric steel. Presumably this is dve to the higher phosphorus and sul- 
fur contents of converter steel, 


Molding 


An approximate 50 percent yield is obtained in the »roduction of castings 
at this foundry. Special consideration is given to gating and reeding cast- 
ings, which is planned by the owner-manazer and the foundry. superintendent. 
For the most part, the technique appeared good, except, like all German prac- 
tice, that the risers seemed too high for their cross-sectional area. Slight 
short necks were used. 


TABLE 23. - High manganese yield in converter practice through 
. preheating of Fe-Mn, Gusstahlwerke Risch 


Without preheating FeMn 


Converter charge: 3,200 lb. steel 
Added to ladle: 128 lb. FeMn (46% Mn) 
| 12 lb. FeSi (75% Si) 
1.2 lb. aluminum 


Percent 
Calculated Mn .ecccccssccee Led 
BY Oneal VSis: ssseessseeecess. 1400 
0.85 
TOE! tha oe emeunewrawnselsee il” 


With preheating FeMn 


Converter charge: 53,e00 1b. steel | 
Added to converter: 60 lb. Spierel, (20% Mn) 


Added to ladle: 


Preheated 1,2000-1,300° F: (64 1b. FeMn (46% Mn) 
(12 1b. FeSi (75% Si). 
1.¢@ 1b. aluminum — 


Percent 
Calculated Mn wre ee ee 1.293 
By analysis eeeeecescereseoenee 1.093 
0.200 


Loss wieredaueleiatevereteaeeescpaatet een LO 
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Green-sand practice constituted 60 nercent of all the moldins, Cestinz: 
vp to SOO povnds and 50 mm, (2 inches) wall thiclmess were nroéuced in green 
sanc, Such castings as locomotive criving wheels were =~rocvcec in green sen, 


av oe 


chamotte-sanc molding, with its verious greden of Form Masse, wes used for 3c 


nercent or the procuction, The remrining 10 percent wes mace in cement sanc, 
Tne green sand was mixed as follows: 


Percent 
Rosenthaler sand (natural-bonded) ..esewe 
Silver sand errr er rer err ee ee ee ee ee ee ane: 
‘Steplh (eneci al Cla) wssciuseewarescean a 


The sand was mixed to a moisture content of 4 to 5 »ercent. The sand 
wag permittec to air-cry vrior to povring. The cement senca ves vsec only fcr 
thin-walled castings vn to about 1 inch, 


Care was given to the rem-lling and tempering of bacling sanc, and a 
small sand-distribvition system was provided. 


Two core-blowing machines of Vogel-Schemmann construction were aveilatie 
for blowing of core-sand small molds. The-.air pressure yor all of the Vogel- 
Schemmann machines is 90 pounds ner sqvare inch. The lexrge core-blowing ma- 
chine weighed abort 2 tons, and cores weighing as mech ag 55 nornds could be 
made by the machine. The averege size of cores made on the larce core blower 
was 20 to 25 pounds. One such core could be made every © minvtes, inclvding 
laying core wires, etc. The sand canacity of the machine was 60 gallons. An 
electric motor kent the sand in motion in the feed chamver. Cores 20 by & ty 
6 inches were easily blown by this machine. The sho» contained 50 molding m- 
chines of variovs types. Conveyers were provided to move the molds away fron 
the machines. Only overheac. cranes were used. oo 


The cleaning room was quite modern, with 5 wheel abrators housed in 4 
senarate room. A room blast built to handle’ the cleaning ov railroad ¢crivirs 
Wheels also was available. Heat-treating ‘consisted of anncaling, Cooling 
in the furnace was speeded by opening the furnace door slightly and blowing 
in air throvgh ports on the top of the furnace, | 


Rejections were apvroximately 2,2 vercent for,the, Jast,2 to 5 years; 
1.5 percent of the castings in the foundry were rejected, anc customer re- 
jections amounted to 0.7 percent. A breakdown of total scrap rejections for 
October 1944 (1,420 pounds) follows: 


Percent 
Foundry rejections eecsccscecee 51 
Customer rejections secececece v9) 
Reason Foundry percent Customer, vercent | 
MISS YUNS “6 69 eeesees . 7 : 
Shrinkage eeveeeseceoe 6.1 OLE? 
Hot tears eeveocerececese | - ke 
Mismatch siaarieieia ie otaveterene (oT = 
Slag and send .eccocee Oe Lett 
POOL 1061 GING. 2 o.o0~ sees 2.0 mee 
Gating and risering .. bpre, = 
Porosity eooneseoesseoce 5 BS eae te ° 
Cold: CLOCKS: ss.0:5: 6.0865 s \Ove : = as 
Removal of risers .... ee, = 
1026 a AO) as 6 ae , a 
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The average castings produced were about 440 pounds. The largest casting 
made was 2-1/2 tons finished weight. 


Eisengiesserei Rodinghavsen, Menden 


The steel foundry operated at EHisengiesserei Rodinghaveen in Menden is © 
similar to the majority of steel foundries in Germany and may be considered 
as typical of the smaller German steel-casting foundries. Their steel-casting 
department is usually only one vart of the foundry, as other rerrovs netals 
and, in some cases, nonferrous metals also are cast. At this foundry approx- 
imately as many gray-iron castings 4s steel castings were produced. 


Mr. Becker, the owner-manager, was interrogated and stated that 150 men 
were employed in the steel foundry and that 700 tons of liquid steel was made 
per month to produce avproximately 400 tons of castings. Maximm production 
was reached in June 1944, when 450 tons of castings were produced, The pre- 
war output of steel castings was about 300 tons per month, classified as fol- 
lows: Railroad castings, such as journal boxes, cylinder-head covers, etc. ; 
mine-equipment castings; tractor parts; and miscellaneous machinery parts. 

A number of castings produced during the war were typical stam forgings, | 
which had to be made 4s castings because of the limited forging capacity. 


Castings were produced to the lowest strength requiremonts of 54,000 psi 
tensile strength and 20 percent elongation (DIN 1,681, class 31.01). Average 
properticg obtained at the foundry were 64,000 pei and 25 to 30 norcent elon- 
gation. Only carbon-steel castings were manufactured, and these were furnished 
in the annealed condition. The largest castings made had a shipping weight of 
1 ton. The smallest weighed a few ounces. | 


Melting Practice 


Four e-ton side-blow converters were available for melting steel, though 
only one converter was used at a time. Cupola iron was produced in two 5-ton- 
per-hour cupolas operating 10 hours per day. It was the nractice to operate 
one cupola onc day and the othcr the next day. The convertors werc acid-lincd 
with 12 inchos of rammod lining on the side walls and an 18-inch rammod bot-. 
tom. Lining matocrial was purchased fully prepared except for the addition of 
water. It appcared to be a ground ganister with clay additions, This matc- 
rial was mixed with as little water as possible and still normit the matorial 
to be rammed. No silica bricks wore used in the convertor lining. Irom 50 
to 60 heats wero obtained from each lining. It took approximately 3 days to 
dry a lining. Tho convorter had 6 tuyores in a single row. Tho stool was 
made in tho conventional mannor, alae 20 minutes boing a to 
make a heat. 


The cunola chargo consisted of a high porccntago of stcol scrap, 10 ver- 
cent coke, and 5 percent limestone. The cupola mctal at tho snout was about 
1,200° C, (2,192° F.) and of tho following composition: 
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Cupola iron, Converter steel, 


| yercent percent 
Carbon @eeeeesoesn Leo. 0.20 


SILICON: 444464044 B rae ° 30 
Manganese ssesee © 200 | : 60 
SULCUS cps cidiveecece 209 20% 
Phosphorus ,cece O07 O07 


If the cupola iron was desulfurized, which was rarely, the sulfur content 
would be about 0.06 vercent. 


The tapping temperature of the steel was not known. Crmola and converter 
losses amounted to 19 percent. The ferromanganese and ferrosilicon were placed 
in the ladle without preheating, and 2 pounds per ton of aluminum was added to 
the ladle, A small amount of aluminum was added to the hand shanks also. 


Molding 


Most molding was done in a fine, natural bonded sand. The same sand, 
with a small percentage of cextrine, was used for cores. Most cores were 
produced on three core-blowing machines, the sand for which was very fine ané 
consisted of: 


Percent 
Silver (washed quartz) sand ..eee. 57 
Yellow (natural-bonded) sand ..e.. 28 
Sulfite lye (lignin) peeoecesoebeoe 6 
Radoil (core OL) sevceeesecereece 9 


Water content of the mixed gand was about 6 seneerts The core blowers 
(Vogel-Schemmann) held about 1/3 cubic meter of sand. One woman core maker 
could produce 5 to 6 hundred 1-1/2-pound cores in 9 hours. There were 26 
molcing machines, but all sand had to be brovght to the machines in buckets, 
and all molds had to be moved from the machine by hand or by overhead cranes. 
Castings weighing more than avout 250 pounds were molded in chemotte. 


_ In contrast with the antiquated molding methods and lack of production 
equipment, cleaning of castings wes quite modern, with two table blasts, three 
room blasts, anc three wheel abrators served by monorail. Tho cleaned cast- 
ings showed exceedins;ly poor surfaces, with numerous scabs and much porosity. 
Many shrinkage cavities also were very prevalent. Seven vertical and hori- 
zontal saws were used to cut off risers. Risers of even 2 inches were sawed 
on the machines. - Casting rejections were claimed to be only 1.8’ percent in 
1944, It was stated that sand and slag were the chief causes of rejections. 
It was evident, however, from observation of castings ready for shipment, that 

rough surfaces, scabs, and porosity wero not causcs for rejection. Gating and 
feoding practice was poor, Avorage weight of castings produced was 10 to 
15 pounds. | : 
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PART 8, - FOUNDRIES OF THE SAAR 


$f 
Rochlingische Eisen-und-Stahlwerke, Volkingen 


The Rochling Co. at vVdélkingen, near Saarbrucken, operates two foundries 
for the production of steel castings - (1) an aircraft foundry and (2) a 
 heavy-castings foundry. The Rochling Co. also produced other steel products ; 
such as ingots, rolled shapes, etc. _ Their over-all prod uction was about 
50,000 tons of steel per month. Approximately 700 to 750 tons ver month of 
' liquid steel was made for aircraft. castings to produce. 90 'to 100 tons per 
- month of rough machined castings, and 120 to 150 tons per month of liquid 
steel was poured into large castings to yield about 60 to 75 tons per month 
of castings ready for shipments, For the aircraf ¢ castings it took about 7 
tons of molten metal to produce 1 ton of rough machined castings. 


Approximately 99 percent of the production of the aircraft foundry was 
-aircreft castings. The other 1 percent consisted of corrosion- and heat- 
resistant steel castings, the high-alloy steel for which was produced in a 
1,000-pound acid-lined, high-frequency induction furnace, The furnace lining 
eonsieted of chamotte moistened with water glass (sodium silicate) and rammed 
into a steel form, The high-alloy steels were mostly made for heat- and cor- 
rosion-resistance castings. for the chemical industry. A few propellers also 
were procurees are 


The large casting foundry produced. 50 percent of its tonnage, or about 
60 tons per month of submarine covers; the remainder went into miscellaneous 
castings, such as turbine covers, press castings, gears, and rock- or coal- 
crusher castings, the latter being made of 12 to 14 percent manganese steel. 


Melting Practice 


Steel for both #ouneies: was produced in two pasic electric furnaces of 
6 and 7 tons capacity. For large castings, open-hearth steol was brought over 
from the ingot shop. The electric furnaces were used with rammed dolomite 
linings and finely ground rammed magnesite bottoms. The magnesite was slightly 
moistened prior to ramming. A sintered top layer was made by arcing on coke. 
When the plant was under full production, four heats were-mado per day in each 
furnace. A steel-melting practice similar to that used in Gcrmany was em- 
ployed. A heat required 5 to 6 hours, and the steel was undtr a white slag 
for 1 to 1-1/2 hovrs. -Ferromanganese was added at slag-off timo, and ferro- 
silicon was added 15 minutes bcfore tapping. A small porcentago of aluminum 
was added to the stecl in the ladle, but the amount used was not recarded. 
No slag-viscosity tests or slag analysos were made; only tho color of the 
slag was oxamined. The Ruff fluidity test was cmployed at tho furnace; for 
aircraft castings, a 5-mm, diameter channol was used. Tho tost mold was 
remmed up out of normal. molding sand, and the mold was dricd prior to use. 
For aircraft castings of 7 to 12 mm, section, the fluidity was required to 
run 3e0 m, The temporature of the steel was determined in an ompirical way 
by inserting a 8-mm,. square ‘rod into tthe bath for 5.seconds. If the rod 
mclted in that timo, tho tomporaturo was. high enough for tapping. All the 
stecl was bottom-poured. Hand shanks wero filled from the bottom pour ladles. 
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As hot steel was required for the thin-walled aircraft castings, the roo 
like was rather low until the Krupp ring was used. The Krvunp ring is a cast 
water jacket that is installed around each electrode and extends entirely 
through the roof. The exposed metal section is about 1 inch thick. Cold 
water is projected along the exposed section, which is approximately 2 inches 
wide, With the use of the Krupp ring, the life of the roof was increased fron 
25 heats to 150 heats per lining. The management was very enthusiastic con- 
cerning the value of the Krupp ring. | 


Molding 


The facing sand for aircraft castings having sections less than 40 mm, 
was & green sand consisting of: 


; | Percent 
Silver (quartz ) SANA covccesscsesscesseee | 70 
W. B. (a substitute for dextrine) .s.ees. 2-3 
High-grade clay ShOSS Gi tee ste bows eeeeees 3 
Yellow (natural-bonded) sand ..ccccccvece 25 
Moisture CCHCOEH DES EE SET TSE ECE E EHEC ESL OE SE 5 


For aircraft castings of a minimm wall thickness of 30 m™,, a washed 
quartz sand with le to 15 percent clay was used, 


The heavy castings were produced in the various grades of Form Masse 
chamotte. The green sand and the Form Masse preparation were poorly handled, 
there being no sand-conveying equipment to aid in preparation or distribution. 


Two types of alloy steels were used for the aircraft castings: 


Percent 
ss Cc Mn Si P 8 Vv Cr 
MV .. 0.22-0.28 1.:50-1.60 0.5 0.03 max, 0.03 max. 0,08 - 
CV .. .2e- .c8 .kO- .6€0 .5 03 max. .03 mx. .08 1.5-1.8 


Approximately 90 percent of the aircraft castings were out of the manga- 
nese-vanadium grade. The castings were cleaned and given a normalizing treat- 
ment followed by rough machining. All aircraft castings were 100 percent me- 
chined or ground. The castings then were heated to the quenching temperature 
in an electric continuous tray-type furnace, quenched in water in small 
batches, and immediately placed in a gas-fired, recirculating, tempering fur- 
nace and temered to the following minimum properties: . 


Tensile strength r ° eee e eee ee 128, 000 
Yield point, psi ..sseeessees 106,000 
Elongation, percent. eeccccrce 20 


The castings were then placed in an oil bath and.heated at boiling-oil 
temperature for 1 to 1-1/2 hours, followed by sand blasting and visual in- 
spection for oil seaps by cracks or pourovs metal. The castings were then 
magnetically inspected prior to shipment. During the period of maximm pro- 
duction, 300 men were employed in the cleaning room for the production of 10: 
tons por month of aircraft castings (780 man hours per ton of castings). 
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The aircraft castings were cast to 10 m, minimum wall section and some 
of them were machined down to 1/8 inch thickness; The average loss from de- 
fective castings was 20 percent, divided as follows: 4 percent attritubed to. 
foundry, 4 percent for off-analysis and porous steel, 5 percent for improper 
cutting of risers, grinding, and quench cracks, and 7 percent for mistakes in 
rough-machining. In the large-casting foundry the defective castings amounted 
to 5 percent, with the defects in the following order of frequency: ‘(1) Poros- 
ity, (2) slag and inclusions, (3) shrinkage, and (4) hot tears. 


The pantiad surfaces of most castings were not good, burt nearly all cast- 
ings were rough-machined prior to shipment, 


The management claimed that Rochling was the only company producing alloy 
steel castings in quantity in. the Saar area, 


I 
Saarlandisches Stahlwerke Dingler, Karcher Co., Saarbrvcken 


The Dingler, Karcher Co. is a medium-size steel foundry engaged in peace- 
time in the production of miscellaneous steel castings for railroads and tho 
mining industry. Approximately 50 percent of the production was locomotive 
castings, according to Mesers. Karcher and Lender, management officials. 
Valves, fittings, gear blanks, etc., also were produced. Dvring the war the 
company produced abqut 1,000 tons per month of finished castings, A 50-percent 
yield of the pouring ‘weight was normally obtained. The largest portion of the 
production went into 105 and 150 mm. shells, of which 500 to 600 tons per month 
were mide.. Tank track shoes were produced at the rate ot 150 tons per month, 
and the remainder consisted of drive wheels for tanks, machine-gun housings, 
heavy truck axcl housings, and a small percentage of mine and railroad cast- 
ings. As many as 30,000 axol-housing castings wore made from the same pattorn. 
Thesc averaged 22 pounds in weight and Cormesnor: & thin-wallod section of 
3/16 inch. 


Melting Practice 


The company oporated a 1-1/2- and a 3-ton basic electric furnaco, two 
2-1/2-ton converters, and three cupolas. The basic clectric practice was 

similar to that used throughout Gcrmany. On-.spocial castings, when hot toars 
woro encountered, two or throe carbide’ slags were used to bring the sulfur 
content down to 0.02 porcent. If thin-walled castings wore to be povred, 75 
percent ferrosilicon was added to the ladle,- but no alumimim acditions were 
made. Stecl for castings of normal wall section was deoxidizoc in thc ladle 
with aluminum. No record was kept of tho quantity of aluminvm added. Lining 
life consisted of 30 heats per sido wall and 50 heats for roofs when stecl 
for thin-walled castings was being mado. A 12 to 14 percont manganose steel 
was the only alloy stcel: produced. 3 


The total cupola-convertor loss was 18 percont. Only’ occasionally was 
the cupola metal dosulfurized, A drop in sulfw from 0.10 to 0.05 percont 
was obtained whon desulfurization was carried out. An averago blowing time 
of 20 minutes was necessary, and 22 heats were produced ina day, Life of 
the rammed chamotte lining was 130 heats, 
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Molding 


Molding materials consisted of a natural bonded Rosenthal sand, in which 
all castings wp to 10 mm. wall thickness were molded. This was a green sand 
with a maximim of 5 percent moisture. The molds were vermitted to air-dry. 
Castings of sections of 10 to 40 mm. were molded in Belgian sand, which is a 
natural bonded sand. The molds were oven-dried. Castings. of wall sections 
over 40 mm, were molded in Form Masse chamotte. About one-third of the pro- 
duction was in chamotte, one-fifth in Rosenthal green sand, and the rest in 
Belgian sand. Facing sand for track shoes was Rosenthal, to which was added 
2 to 4 percent clay (a synthetic bentonite) and a 10-percent quartz sand to 
increase the hot strength of the sand. Cores for tank track shoes were pro- 
cauced on two core blowers. No risers were used on these castings. The "as 
cast" weight was 52 pounds, and the weight of the casting reacy for shipment 
was 42 pounds. The track shoes were water-quenched, 200 being quenched at a 
time. Quenching equipment was poorly mechanized, the distance between it and 
the furnace being .50 feet, 


Scrap resulting from defective castings was 4 to 5 percent, scabbing and 
hot tears being listed as the primary causes. An average of 15 percent scrap 
was obtained on tank track shoes and 5 to 6 percent scrap on the truck axle 
housings. The surface appearance of all castings was poor, showing metal 
penetration and surface Boreas 


The shells were mreauoea in Savnacient: molds. Six 105 mum, shells were 
produced in a mold, whereas only four 150 mm, shells were made in a mold. 
The molds were of a good-grade cast iron containing not over 0.2 percent 
phosphorus. The shells were cast of 0.40 to 0.45 percent carbon converter 
steel. No heat treatment was given the shells. | 


Foundry production reached its peak in July 1944 and then tapered off, 
and the foundry closed in November 1944 owing to lack of electricity and gas 
and too many air raids. The foundry was about 85 percent in operating con-. 
dition. 


Heckel-Werke, Rohrbach | 


Management representatives: interrogated at the Heckel Co. were Dr. 
Vohmann, technical director, anc Mr, Leffer, foundry superintendent. The 
steel foundry of this company produced 700 tons per month of steel cestings 
during 1944, of which 400 tons per month were 105mm, Howitzer shells, or 
about 18,000 to 20,000 shells a month. Tach shell weighed about 42 pounds 
in the "age cast" condition, or 32 pounds as rough-machined. Tractor and 
trailer parts for the German army, such 4s ‘brake housings and covers, con- 
sisted of adout 100 tons per month, and the remaining 200 tons ner month 
were castings for mine cars, trans, belt convoydrs, skip hoists, and other 
mine equipment. The latter type of castings was tho normal peacetime pro- 
duction, which totaled 250 to 300 tons per month, The foundry stopped pour- 
ing steel early tn February 1945 because of lack of supplics. -The foundry 
is not damaged. 
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Melting Practice 


The foundry operated one 2-ton-capacity, plant-built, Rennerfelt electric- 
arc furnace, which contains two electrodes that enter the furnace sides on op- 
vosite sides and one electrode that enters the furnace through the top. The 
side electrodes entered at about a 30° angle up from horizontal, The furnace 
was usually overcharged to 3 or 4 tons. The management claimed that with 
this furnace the electric energy is transformed into heat very simply and 
scientifically, so that the furnace can operate efficiently without requiring 
an excessively rated transrormer. An average of 750 Kw.-hr. per ton was ob- 
tained. Only two automatic regulators are required for the two-phase arc. 
The heating flame is vertically adjustable and independent of the charge. The 
furnace operates quietly, without violent surges in the power. Dr. Vohmann 
described the arc produced as a flaming arc, as it extended vertically down- 
ward considerably below the junction of the three electrodes. The furnace 
was rammed with a basic lining of dolomite, and a silica-brick roof was used. 
The lining life was 50 heats for the side walls and 70 heats for. the roof, 
The walls had to be lined with considerable care. Normal basic electric 


practice was used. Finished steel contained about 0.06 percent phosphorus 
and sulfur each. | 


Two acid-lined, side-blow converters and two cupolas also were used 
alternately for making steel. The life of the rammed chamotte lining was 
about 70 heats. The cupola metal was about 1.6 percent silicon, 4,00 per- 
cent carbon, 0.10 percent sulfur, and 0,08 to 0.10 percent phosphorus. A 
converter blow lasted 14 to 16 minutes, and 22 blows were mado in a day. The 
ferromanganese was preheated to 1,000° to 1,100° C. (1,832° to 2,012° F.). 
Studies indicated that by preheating the ferromangancse the manganese loss 
was reduced from 20 to 5 percent. Fcrromangancse was addcd to the converter 
and ferrosilicon was added cold to the ladle. 


The shells were manufactured of converter steel. No attempt was made 
to desulfurize the steel, as the German government permitted phosphorus plus 
sulfur to be presont up to 0.25 percent. Analysis of the stcel for shells 
was 0.36 to 0.44 percent carbon, 0.352 to 0.65 percent manganose, 0.60 to 
1.2 percent silicon, 0.085 to 0.13 percent sulfur, and 0.10 to 0.12 percent 
phosphorus. Property requiroments were a tensile strength of 71,000 psi and 
an elongation of 4% percent. A fragmentation tost required 420 fragments 
larger than 5 grams. Tho sholls were tested under a pressure of 10,500 
pounds. 


For the most part, stecl production consistod of carbon stools of 0.3 
to 0.4 percent carbon. A small amount of 12 to 14 porcont manganose steol 
was produced, as was a Mn-Si stecl for goars of 0.35 percent carbon, f£.e 
percent mangancse, and 0.7 percent silicon. Tonsile proportios of this stecl 
wore strength 75,000 to 85,000 psi and elongation 14 to 22 porcont. 


Molding 


Molding consistod of 15 percent green sand (air-driod), 40 percent dry 
sand, and 45 porcont chamottc. Tho sholls were producod in cast-iron molds. 
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A wash consisting of graphite and fine chamotte (Edelschlichte) was used on 
the green-sand molds as well as on the chamotte. The wash was applied in a 
thick coat. | 


_ Defective castings gave & to 10 percent scrap. Shell scrap was 10 per- 
cent. The surface of all castings was unsatisfactory. The riser vractice 
was poor, as in the machine shop many castings showed dhrinkage. Most cast- 
ings contained pin-hole porosity in spite of the 2.¢-pounds of aluminum 
added per ton. 


Cast-iron and steel castings were produced in the same shov, though the 
sands were kept separate. 


PART 9, - STEEL FOUNDRIES IN INE PRANKFURD-STUTTOART AREA 


Buderius prserers Wetzlar 


The Buderius Eisenwerke at Wetzler produces many: steel acaueter but one 
portion of the works was devoted to the manufacture of centrifugally cast gums 
and static steel castings. The production of these units was -housed in a 
foundry building containing two 2-ton electric-arc furnaces, three centrifu- 
gal casting machines, and two production units for the casting-of tank track 
shoes. Management, representatives interrogated were Dr. Steinweger » general 
manager, and Mr. Kohler, foundry superintendent, 


The specialty of the company was the vertical casting in quantity of 
gun barrels 2 to 4 meters (6.5 to 13 feet) in length and the experimental pro- 
duction of 6-meter (19.5-foot) gun barrels. These guns were produced to fire 
75-mm. shells. Approximately 350 tons per month of guns were produced, The 
largest number produced in one month was approximately 450. The centrifugal 
casting machines were driven by electric motors. The dirving mechanism was 
at the base of the machine and was housed in a concrete pit. The base of the 
cast-iron mold was bolted to the base of the revolving table unit. The mold 
was maintained in a true vertical position by two sets of adjustable rollers 
attached to the pit walls and rotated on roller pads on the mold located near 
the top and middle of the mold, There were four rollers at each position. 
The position of the rollers could be adjusted so that molds of various sizes 
could be used. The machines were capable of revolving 20 tons of me and 
casting at speeds from 100 oo a 00 revolutions per minute. 


The molds for the mesa ae were heavy-walled. For the h-meter-long 
casting, a mold of approximately 16 tons was required to. produce a casting 
weighing 1.6 tons. The ratio of wall thickness of casting to wall thickness 
of mold was approximately 1 to 6-8. The mold on were epee ed; the heavies: 
Section being at the gun-breech positions. 


The molds were cs coated with a wash caaeteuines of Pinely saaeniee cc 
quartzite, 6 porcent A and 2 percent bitum. The bitum was purchased in 
either liquid or solid ou from Habner Bergbau, Dortmund, and is a deriva- 
tive of bituminous coal, The wash had a maximm grain size of 0,001 mm, ané 
prevented the castings from fusing to the mold walls. The bitum is volatile, 
and the gas creates a reducing atmosphere which, according to company offi- 
Clals, prevents the particlos of splashed steel from oxidizing. 
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A pouring or runner box was securely fastened to a cover plate located 
over the top of the mold. The runner box was lined with a rammed chamotte 
and contained a baffle to act as a slag trap. 


Steel was poured from a bottom-pour ladle into the basin in the runner 
box; it ran under the baffle and down 2 funnel spout into the mold. The fun- 
nel spout was 4 inches long and l- 1/8 inches in diameter. The lining of the 
funnel consisted of a sleeve 3/ 16 inch thick, and the opening through which 
the steel ran was 3/4 inch, The base of the mold was rammed with a chamotte 


plug. 


' The primary precaution in pouring the mold was to make certain that the 
stream of steel retained the form of a column of steel from the pouring spout 
to the bottom of the mold and that it fell directly in the center of the mold. 
Interrupted streams caused undve spattering, which caused hot steel to adhere 
to the mold walls, The mold was revolved at 200 r.p.m. during the early part 
of pouring while it was filled for approximately one-third of its length. By 
the time pouring was completed, the mold was operating at 1,400 r.p.m A rev- 
olution counter, recording in revolutions-per-minute, was installed on the 
control panel. Pouring time was 3 to 4 minutes. Spinning time after pouring 
was approximately 15 minutes, or until solidification of the steel was com- 
plete. The total time from the beginning of pouring until the casting was 
ready to be removed from the mold was about 24 minutes. The tomperature of 
the casting at the time it was removed from the mold was apvroximately 750° C. 
(1,382° F,). The gun castings were then placed in a sand pit, where they were 
permitted to cool slowly for 100 hours, The temperature of the casting when 
it was removed from the sand pit was 200° C, (392° F.). Heat-treatment of 
the tubes after rough machining consisted of quenching and tompering. The 
low-manganese steels wore water- quenched and the nickel-chromivm steels were 
oil- quenched, 


Finish requirements for’ machining permitted 10 to 15 mm, on the outside 
surface, This was certainly necessary in view of the oxtromo porosity of all 
outside surfacos. The center of the gun was bored out. Only approximately 
the upper third of the gun contained a hollow central portion, This opening 
was circular in cross section but parabolic in length. Tho only tubes that 
could be mate with a cast hollow boro were 2 meters (6.5 feet) or less in 
length. Such tubes, in the "as-cast" condition, had a wall section of 3 
inches at the base of the tube and a 2-inch scction at tho top of the tube, 
The 6-meter guns in the "as-cast" condition had a breech of 12 inches in dia- 
Meter and a nozzle 7 inches in diametor, The diamoter of the oponing at tho 
nozzle was 3 inches, 


It was statod by company officials that the forging woight for tho 4- 
meter (13-foot) guns was 2,200 pounds, whereas the centrifugal casting woighed 
1,540 pounds. The weight saving was directly reflected in michining time in 
view of the 660 pounds of steol that did not require romoving. Scrap rejec- 
tion was approximately 5 to 6 porcent. 


It was stated that poacctimo uso of tho vertical contrifugal machinos 
would be in the production of ingot molds and railroad froight-car axlos. 
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Avproximately 700 tons per month of tank track links of various sizes for 
weepon carriers were produced, These were made in green send containing a 
high proportion of clay. The molds were produced on’ jolt ram machines and 
were placed on a roller conveyor for transportation to the pouring floor, 
Nothing novel was noted in the procedure. Melting end molding practices were 
similar to that previously reported. | OO : 


Lisengiesserei Streicher , Noe Stuttgart 


Eisengiesserei Streicher operates 6 foundries - an iron foundry in 
Cannstatt-Stuttgart, from which the company derives its name, and the stéel 
sl in Asperg, which is the only steel foundry in the State of Wurttemberg. 


- The technical and commercial manager was alfred Peitzmann, who was the 
spas one interrogated at the plant, The average production of steel castings 
in 1944 was 650 tons per month, whereas peacetime production averaged only 
250 tons per month. Castings produced before the war were for railroad equip- 
ment, such as crossheads, parts of freight cars, and general repair parts; 
valves and valve narts for gas plants; frames for presses; and castings for — 
various heavy machines built in Wurttemberg. War production’ was 200 tons of 
120 mm, mortar shells and 450 tons of brake housings for tanks ahd railroad 
castings, ‘The company ne ee and women during the war. 


The plant is not damaged and could start operations at once, 


Melting Practice 


The mete: equipment consisted of one 3-1/2-ton acid electric furnace, 
two cupolas, and two converters of 2-1/2 to 3 tons capacity. The latter two 
were used alternately, day by day, The charges in the cupola consisted of 
70 percent steel scrap with a melting loss of 7 percent. A typical analysis 
at the spout was 2.9 percent C, 1.6 coca Si, 0. 6 percent Mn, 0.08 percent 
P, and O, 2 percent Ge 


The cupola iron was desulfurized with powdered, fused soda ash, and the 
sulfur content was reduced to 0.06 percent. After ‘blowing was finished and 
ferrosilicon and ferromangancse wero added, the end analysis was 0.15 percent 
C, 0.45 percont Si, 0.60 percent. Mn, 0.10 percent P, and 0,05 percent S. Melt- 
ing loss in the convertor was estimeted at 10 percents Mangancse was added in 
the .convertor following the customary practice of dipping in water first in 
order to disperse slag by explosion, The forrosilicon was addcd in the ladle. 
The converter linings consistcc of rammed chamotte, end two extra shells were 
available to assure slow and perfoct drying. A typical corivorter slag analy- 
sis was 2 porcent cao, 67 percent Si05, 7-7 percont MnO, 17.0 percent Fo0, and 
ed percent A1,0 3° | | 


Tho electric furnaco (a Sicmons side-chargod type) is ore of “the very fev 
acid-lined furnaces in Germany, Tho lining lifo was 120 to 130 hoats, and the 
roof lifo was 500 to 600 hoats, Tho lining was monolithic, The molting prac- 
tice was somioxidizing, and in the last ycar the use of limostone in the 
finishing sleg was discontinued. Analysis of the finished slag after tapping, 
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vhen limestone was used, was as follows: 8.8 percent CaO, 66.3 percent. Si0,, 
5.4 percent MnO, 7.6 percent FeO, and 10 vercent A150, . The current consi: 
tion averaged 700 kw.- hr. per ton. Only carbon steeis were produced at this 


Molding 


Of the 650 tons of steel castings produced per month in 1944, 150 tons . 
were cast in chamotte, 300 tons in green sand, and 200 tons of shells in cast- 
iron molds. For production jobs, four core-blowing machines were available. | 
The shell cores, about 2 feet long, were blown on these machines, placed on 
special core dryers, and, after baking, were dipped in a core wash, Approxi- 
mately 600 shell cores were made by two girl operators in $ hows. The core — 
boxes were rubber-lined with vulcanized rubber applied to the inside of the | 
box; the hard rubber had the exact contour of the core. It is claimed that 
this rubber-lined core box maintained its true dimensions much longer than 
a metal core box. When it does finally wear out, the old rubber lining can 
be removed and @ new rubber lining inserted. The cast-iron molds for the 
shells had 6 impressions, and metal entered the mold throvgh one central run- 
ner box which was placed on top of a runner core. The iron used for making 
the molds was low in sulfur and phosphorus; the latter should not exceed 0,20 
percent. Specifications for the shells were as follows: Minimm tensile, 
85,000 1b./sq. in,, and 3 percent elongation. No annealing or heat treating. 
were required. The fragmentation test should give 750 fragments over 5 grams 
per’ shell. The analysis was approximately C, O40 percent; Si, 0.80 percent, 
and Mn, 0.80 percent. The shells were rough-turned by chucking from the ‘in- 
side. Tungsten carbide tools were used. The weight of an “as-cast” shell 
wag 32 pounds. : | 


“ALL castings were poured with SoLeomneu, ladles ;. the largest casting 
weighed 5 tons, 7-1/2 tons of steel being required to pour it. One electric 
furnace and one converter charge were required to pour the casting. Average 
casting weight was 32 to 45 pounds. The scrap reports showed an average of 
5 to 6 percent, of which 4 percent was traceable to general molding and 2 
percent to steel making. The shell scrap was 10 percent. The scrap losses 
of valve bodies due to porosity was extremely low in spite of a pressure test 
of 1,500 to 2,000 lb./sq. in. The management claimed that molting the steel 
in the acia-lined furnace contributed to the success of the process. Boing 
located in a rural area, the plant was obliged to have its own coke/gas gen- 
erator; gas was used for heat-treating and annealing castings. Gating and 
risering of castings was orthodox, and casting surfaces were very poor, 


“PART 10, - REICHSWERKE, ALPINE MONTANTEBETRIEBE. HERMANN GOERING, 
| | LINZ, AUSTRIA - # 


The Reichswerke Hermann Gocring consisted of a nitrogen gas plant, an 
ore-concentration plant, blast furnaces and coke plant, and the Eisenwerke 
Oberdonau, which consisted of an ingot plant, rolling mills, and a steel — 
foundry. The Reichswerke has been given a.now namo sinco hostilities ceased, 
and it is now known a8 Veroinigte Eisenwerke,.. Oesterreich. } 


During the days of po&k production, approximatoly "10,000 people were | 
employed at the works, of which 350 worked in the melting shop and about 600 
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in the steel Beis: The officials of the C oimany interrogated were direc- 
tor KLepp, : in charge of the nelting shop, and Mr. Pere TES roundry manager . 


Melting Practice 


The melting shop contained three 20-ton and one 25-ton basic electric 
furnaces and one 200-ton basic open-hearth furnace. Approximtely 14,000 
tons per month of steel was produced in this shop, most or which was alloy . 
steel that went into the production of ingots, About once a week 20 to 50 
tons of steel was sent from the melting shop to the foundry ve make. up for 
the Jack a meen eves poe in ee foundry. 


. The corner stone for the plant was laid in 1937, but the first charge | 
was melted in January 1943. The plant was the latest steel foundry to be 
built by the German Government. The foundry produced 1,000 to 1,200 tons per 
month of finished castings up to July 1; 1944, when during thé 2 days' bomb- 
ing attacks, the transformers on the olectric furnaces wero siashed and cast- 
ing production dropped to 600 tons. Production then decreased to 200 tons 
per tionth until the American troops entered the area on May 2, 1945, By this 
vane, the transformers for the electric furnaces had been ropaired. . 


The casting production consisted of 50 percent armor castings for the _ 
Panther and Tiger tenks, such as turrets, shields, front pieces, gear hovs- 
ings,. drive wheels, idler wheels, otc.; 25 percent track shoos for tanks, 
armor cd’ cars, and weapon carriors: and 25 percent automotive truck castings. 


The steel foundry containod two 5-ton basic electric furnacos (Demag) 
and had prepared pits for a 6-ton and a 15-ton electric furnace that never 
were installed. Also, two cupolas and two 2-ton acid-linod converters were 
used alternately. for steel production, The thelting practico for both electric 
and convertor furnaces was’ similar to that used throughout Germany, oxcept 
that the furnaces were lined with magnesito’ brick, The vsual twe to threo 
slags were removed in the olectric furnaces. Kilowat hours per ton averaged 
between 700 ‘and 800 for carbon stcel and 800 to 900 for alloy stool. No 
studics on slag, as to composition or viscosity, or fluidity tests were made. 
Tho converter stecl was @ plain carbon stool of about 0,40 porcont carbon and 
was used for track shoes. <A desulfurization practice of 25 pounds por ton of 
soda ash was carriod on with good results, and the sulfur contont was lowercd 
from about 0.04 to 0.02-0.035 percent, Tho sulfur contont of tho cupola metal 
was low, because a special coko very low in sulfur was usod, The phosphorus 
content was high, being 0, 16 porcent maximum. 


Tho olectric-furnace stcels were primarily alloy stcols of the Cr-Mo, 
Cr-Ni, Cr-V typo. All armor castings requircd phoephorus plus sulfur to be 
undor 0.04 porcent.. A typical log heat of a 5-ton electric furnace is given. 
in tablo ek, a a 7 | 


Molding | 

Two types of molding matorials were usod - (1) greon sand and (2) 
chamotte. The truck castings and the track shoes were mado in green sand, 
and the tank castings wore produced in chamotto; thus, approximatoly 50 
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percent of the production was molded in chamotte. The chamotte practice was 
similar to that normally used in Germany, except that chamotte as received 
constituted the facing sand. ‘The sreen-sand mixtures used are given in table 
25. The green sands were separated from the chamotte. | 


All green-sand mixes were shaken out together and re-used as backing 
sand, | | 


The plant had the most modern sand-handling system in Germany. All op- 
erations could be followed on a Calor-Emag system, from which all operations 
were controlled. Lights on the flow-sheet control panel indicated the ma- 
chinery in operation, The sands were Gried in a continvous gas oven. In 24 
hours 18 to 20 cubic meters of sand was dried from 12 to 14 percent moisture 
to 0.6 percent moisture. The dried sand was placed in four bins, The sand 
was then drawn off by wheelbarrow and transported to the mixing mullers. This 
operation was the only manual operation in the sand system, The reason for 
nonmechanization was that it was desired to mix the sand in volume lots, and 
& Wheelbarrowful was claimed to be an excellent volume measure, 


The facing sand was miled in two 1/2-cubic meter mllers and then placed 
in four bins, where it was distributed to the molders in trays by crane. It _ 
was claimed that molders used too mich facing sand if it was distributed a 
conveyors. 


The old sand at the time of shake-out went into 12 bins at one side of 
the molding and pouring floor, The chamotte went into bins under the center 
of the floor. These bins fed an under-floor conveyor to a magnotic separator 
and then either to disposal or to two small 2-1/2-cubic meter bins, from 
which it was remlled and distributed by overhead conveyor to 30 molding m- 
chines and two 5-ton roll-over and two 7-ton roll-over -machincs, The chamotte 
was also drawn from the under-floor bins over a magnetic soparator and through - 
rolls and then either rejected or remlled and distributed by the overhead | 
conveyor to the 5-cubic meter bins at cach molding machine. No method of 
separating fines or reclaiming the molding material was in uso. Fon this rea- 
son they used 1,000 to 1,200 tons per month of molding material, or 1:ton of 
molding material for evory ton of castings produced. It was again confirmed 
that there was no organization eS SEmany cians sandc-roclaiming 
equipment. 


Four core-blowing machines were available for blowing cores for the 
track shoes and other castings. Core mixtures were as follows: 


Rammed cores Parts 
Quartz Band ceceseeee 00 
Molding BONG 6 :scevcele LO 
Fine chamotte sesesee 30 
COLC: OL) ivcéeoewe eee 1 
Mogul Ceveseseesesvos 


Blown cores 
Quartz Sand eececeeee 12 
Core oil eooesedecooce 41/2 
Clay CCE O ROCCO ROLE OS ) 
Sulfite lye ecevoeeee 2 
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TABLE 24, 


Charges 


Ble alloy steel scrap eee 


Time 


© 
e 

O 
© 


- Typical heat log of 


Pounds 
I, 000 
Mn steel scrap seeccecceeses 600 
Foundry retvrns ..cesceces 5,400 
10, 000 


Remarks © 


Finished charging, 50 50 1b. coke, 


‘60 Lb. ore, 


mM oO 
® e 
= Oo 
WI. 


160 


160 


MMO 
TOU 


°° 
W 
1) 


rPrROWrF OU FO UI & 
Oo 


160 


160 
100 
290 


ON ON NAWW AUF EF NE OE Or 


VWI © WS ORO eee Rest AS 


N MM 


Current consumption: 
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60 lb. ore, 40 1b. fluorspar 
LO lb. ore 
Third slag removed. 


‘Power on 


1b. lime 


4O lb. ore 
First slag removed 


lb. lime, 40 Ib. adver spe 


60 lb. ore 
40 lb. ore 
Second slag removed 


lb. lime 


—m 


1b. lime; 40 1b. fluorspar 
lb. FeMm (41% Mn) 
lb. FeCr; 16 lb. FeMo 


Third analysis 

40 1b. pig iron 
20 lb. FeSi 

15 lb. FeV 

6 1b. aluminum (1.2 1b. per ton) 
Final carbon 

Tapped 
2 lb. aluminum to ladle 


940 kw.-hr./ton 


(Go gle 


-ton basic electric furnace, 


Reichswerke, Herman Goering 


Analysis, 


yercent 


C 0.50; Mn 0.91; P 0.047; S 0,028: 
Cr 0,80; Ni 0,31; Mo 0.15; V 0.06 


© 0.33; Mn 0.22; P 0.025; Cr 0.22 


C 0.30; Mn 0.71; P 0,026; Cr 2,14 


C 0.36 


(O.4 1b. per ton) 
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TABLE 25. - Green-sand mixtures Reichswerke, Herman Goering 


1. Sand for chain links for panther tanks 
(Electric furnace steel with 1.2-1.6 percent Mn) 


150 parts heap sand 
75 parts silica sand 
7 parts GEKO (synthetic bentonite, Ullrich, Leipzig) 
9 parts powdered hard aoe 


e. Sand for tank covers, ekin-dried. 
(Electric furnace steel containing either CrNi or CrH0) 


75 parts green molding sand 
150 parts silica sand 

7 parts clay. : 

l2 parts dextrine 


3. Standardized sand for chain links 
(Converter steel with 0.18-0.27 percent C; 0.40-0.60 percent Mn) 


350 parts heap sand 
7O parts green molding sand 
5 parts GEKO 


4, Sand for heavy truck parts (Converter steel). 


150 parts heap sand 
715 parts green molding pend 
5 parts GEKO 
Moisture on all four sands averaged 5 percent, ° 
Silica sand (not washed, with 1-2 percent natural clay) 
Schnaittenbach near Amberg, Bavaria 
Green sand (15-20 percent clay), Raitz, near Brunner , Austria. | 


The casting yield was 40 percent for small parts for trucks to 60 percent 
for large castings. Castings of a few ounces to those weighing e tons were 
produced, The defective casting loss was 4 to 5 percent. In special items, - 
such &3 tank shoes, a@ loss of as mich as 23 percent was experienced. It was 
claimed that slag was the main cause for rejection, with hot tears in converter 
steel being prominent, 


In general, the casting surfaces ‘were fairly good - in fact, about the 
best seen in Gormany, Some pin-hole porosity and motal penetration were ob- 
served. Roller conveyors fed out from all the molding machines, and the 
foundry in goneral was thc best mechanized seen in Germany, 

Cleaning, welding, and heat treatment of castings was standard practice. 
The quenching and tempering equipment was housed in a separate building. 
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APPENDIX 1, - INSPECTION REQUIREMENTS OF STEEL CASTINGS FOR 
‘AIRCRAFT, ASSOCIATION OF AIRCRAFT, BERLIN 


a Requirements 


1. Type and grace of steel, Details may be found in section F below 
and in Appendix 2, 


e. Surfaces mst be smooth, free of cracks. 


Minor surface blemishes are permitted. Welding is permitted under cer- 
tain conditions. The inspector mist be notified and his approval obtained. 
Castings ‘must be welded prior to final heat treatment. Welding rods should 
be selected that will give the welded area, after heat treating, the proper- 
ties required by the casting. If castings require welding reneatedly in the 
same section, then proof mst be furnished of the soundness of the weld. If 
no welding is permitted, then all drawings pertaining to the casting mst be 
marked to the effect that welding of the area is prohibited. 


3. Partly machined steel castings shipped to purchaser are to be tested 
"by heating in oil or by magnetic testing for cracks. Welded castings mast, 
however, be magnetically inspected. O11 testing consists of heating the cast- 
ings in oil at a temperature of 140° to 150° C. (284° to 302° F,). 


4, All weights and dimensions specified mist be moet, 
B. Sample Castings 


Sample castings mst be submitted and approved by customer before pro- 
ceeding with order. Test specimens mst also be cast with sample. Complete 
report of the properties after heat treatment mst be furnished in duplicate 
and extra test pieces furnished for purchaser check tests if desired, 


C. Testing 


lL. Type of test bar and location on casting mist be specified on the 
drawing if bars are attached. | 


2. Castings without test bars attached mst be heat-treated with the 
separately cast bars. Every casting is to be Brinell-hardness tested. If 
the wall section varies greatly, both heavy and light section should be tested. 
The hardness of the lightest section may not exceed the upper limit of tensile 
testing by 10,000 psi when the hardness is multiplied by the factor specified. 
Out of every lot of 50 castings, at least one mst be tested to destruction; 
for this, a defective casting may be used. Sections of this casting are used 
for tensile test, fracture test, and, in case of abnormal fracture or when 
specified, impact-test specimens also are to be prepared. If test bars fail 
to meet property requirements, castings from the heat mst be rehcat-treated 
and retested. If two or more heat treatments are necessary, castings are to 
be picked at random and checked for Brinell hardness, 


6 Castings with test bar attached mest be Brinell-tosted in both light 
and heavy section if the section varies greatly. The tensilo strongth, as 
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calculated’from the Brinell. hardness, mst be at least 5,000 psi over. the 
minimum strength required. Hardness of the thinnest wall may exceed, up to 
10,000 psi, the upper limit of the calculated tensile strength. If hardness 
is not within limits, the castings my-be reheat-treated, One casting out 
of 100 mst be tested to destruction. After the first three lots of 100 each 
are tested, one casting out of 200 may be selected for testing. Def.ective 
castings may be used for this test. Reheat-treating and retestingiare per- 
mitted, Castings reheated more than once require only 5 Decent of the cast- 
ings to be BPO for hardness. 


D. X-Rays 
The number of castings and the section of the casting to be X-rayed mst 
be shown on the drawing. If not specified, only 1 percent of the castings is 
to be X-rayed. | | 


E. Miscellaneous Requirements 


1, Changes in specifications mst be agreed upon by both foundry and 
customer, “Additional testing will be done only upon request. 


e. Foundries may be made partly or fully responsible ror the ‘testing 
of CRELANGS without the presence of the inspector, 


a ‘Castings conditionally rejected may » after proper repairing or treat- 
ment, be submitted again for approval. 


4, All castings mst bear heat numbers, final-inspection stamps, and 
stamps showing ePEeovet of welded and sat ce aY 088 ». 


5. A certified test report signed by a company official and by the 
inspector met be furnished. 


F, _Chromium-Molybdenum Cast Steel Requiroments 


Class: — 1811.5 1811.6 ,° 1812.1 - 4812.6 
0.23-0.50 C 0,35-0.50 Si 0,18-0.28 c 0.39-0.50 Si 


Composition: 0.50-0.75 Mn; 0.035 P max; 1,0-1.3 Mn; 0.03 P max.; 
-- = 0.025 S max.; 0.8-1.1 Cr; 0.02 S max.; 1.4-1.8 Cr; 
0.2-0.3 Mo . | 0,.25-0.35 Mo: 
Heat treatment: Annealed Hardened Annoaled Hardened 
Tensile strength, 106,000 to 128,00 to - ‘156,000 to 
psis 128,000 156, 000 ” ~ 185,000 
Yield strength, psi: 78, 000 100,000 | - 135 , 000 
Elong. L =» 2 dia., percent: 0-12 | 6-8 = a 5-8 
Red, of area, percent: . Approx. ho Approx. 30 ~ - Approx, 35 
Brinell hardness: = , 217-269 269-721 - 321-388 
Diameter of ball is oe Br lg we 
impression, mm: 4,10-3.70 = - 34 JO-3 40 - _ 34-3.1 
BHN to tensilo factor:: 0.34 + O34 > “ 0.34 
Special property: Weldable; after welding, ten- Weldable; af ter welding, - 
sile strength 85,000 tensile strength 92,000 
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FERN ET SE TABLE E 
i Analysis, percent 
om ot Lor ev hm Heat tmeetment op ,2/ 


) :0.10| | 
cMV16| +14 '1,20, MAX. 2.401 0.45) "20|. = IN 1832; 0Q 1688; T 1256 
& 4 1.40; 0.45 | 2.60) 045! .25 | | | 
CVL6 |. .14 1.20} max, ! 2.40; - | .10; - !N 1832; 0Q 1683; T 1256 © 
| .191640'0.45 2.60; | 20; | . 
Pl 28 | 60; <4 as20, o4Q: .10' - {jN 1742; 0Q 1616; T 932 
| 093} 070, 0401 3,40] .50: | | 
pe |) Bel. 60: 220 | 2.00; 20 ets | - IN 1742; 0Q 1616; T 1238 
| a2 1 590; "50 12,60! .30!0.15 |. | ) 
P35. | 32) 460! 20] 2.00: - max, |0.70 |N 172; 09 1616; T1238 
| 442; .90} 2501 2.60! 10615 {2.20 | 
Pho | 432 | “60 220; 2,00) -; - | - |N 1742; 0Q 1616; T 1208 
| 42} 690; .50] 2.60; | ! | 
T | 2201 30; faery ~‘}oe ib b 1922; T 1256 
50 | 250; 80 115.00 be | | 
MSK | 025 80! $50) = y « | . iN 1742; WQ 1580; T 1076-1178: 
30/1. 00! 270 | | | | | | 
M9 | .20, 2 30; - | =) = 1) = {| N 1688; T 1202 
Me ee 5| ne bo | | 
be ee 045 cot ane ee is - iN 1688; T 1202 
oe) 0 | | 
H60 | oO! , 70 *./o ae Oe | - | - iN 1616; T 1058 
550 | "75 50! || : : 


Tensile; Yield percent 60 
si: si 1=5d ‘cent 


a Mas steel castings. 


Hives | 78,000; 57, : 
CMV16 ep 64,0001 . 20 65 | i | Submarine Armor e 
ovié 88, 500 6,000 15 | 65 | - | Do. 
156° 500 135,000 a a oe oe | Army artior, * 
178, 000 ;" } = ee . 1 7 
P2 (114,000; 2/75} -10 | - : 60 | Amy armor, sections over 3 inches. 
135,000 | ; ' . - 
P3 107,000 !100, 000} 10 } - j; .60 ny armor’. 
Ph |107,000;100,000; 10./ - { 60 | Do. 2 
128,000 | | | 
T i 92, 500 57,000 ie}. = - |Navy centrifugal pump torpedos. 
107, 000 | Sa <. | 
MSK 107, 000 | 71,900 We@ i - + WS | Track shoes armored carriages. 
128,000 ; - | | ! | 3 
m9 | 6h, ,000; 36,000]. 22 | - | 4O }Submarine castings. , 
M23 | 74,000] 36,000! -18 | - | 38 | Engine, steam conduits, 
M60 | 85,500! 51,500; 15 | - : 60 | tank track shoes. 


1/ N = normalizing temperature ; = water-quenching capes nea? 
quenching’ icici i tempering ree eee 
2/ Percent. 
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i _ TABLE F 


Analysis ercent ; | : 
Mark | C | Mm Ve ‘Heat. meaimenty: OR, : Sate ede | 
WOG | 0.15]0.50'0.55 0.30" -00'0.50/N 1688; "0 or W quenched; T Sia 
! 220 60) 9511. 00/2. 20| .60 


WOHE | 10! .30}1.20 =) - | -23/N 1688; 09; T 1256" 


216] .50j1.60/1,80) 035 
|BLong. , 7 
a Yield: Tensile eons ReA., |Impact, > & 
psi Bs L= percent ats Use 
we 71,000 ‘000 16 Heat-resistant castings. 
Wea [2500 LEE, Hydraulic castings. 
92,¢ = 


TABLE G 


Analysis, percent . 
Mark | C ae ast aor no oes Ti | Heat treatment, OF. 
w8 T 0.20'16.00/1.00 O.40IN 1922; 0Q cr WQ; T 752 
225 |17.0011.10 


80! 9, ool - 625 1N 20705 09 or WQ; T 752 
~20119.00/1.10] 10.00 


Boe 


{LONG « >| 
Yield pared gery R.A., 


- Use ~ 


» 000 100, << lee carrier stcel cast- 
aae ee? O00 000 ey eg for Lec bombs. 


-~ 93 - 


Google 
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TABLE H 


» Analysis, percent ~- oy eaienasiaieainn uname 
Mark Heat treatment Fe. oe 
M 15 0.30 | 0.050 [0.050 [N 1088; T1200... 


| 
| ‘ao 60 «50 max. ; Max, 
M19 | 620 045 | 30.1 0.050 | 0,050 | N. 1688; T 1200, , = 
|. 228 | 665 | 650 | max. | max, | ” 
M 23 » 30 | ot5 | 30 | 0.050 j 0.050 hs 1688 ; T 1200, | 
38 S70 50 | max. |. neat aie 1 | 
: = ; ha ee. Cor ed So Sao ae > ¥ = sys. i on 04 
H 60 40 | .50 |. .30 | 0.050 | 0.050 | N 1616; Was PT 1O6i0 TY Bon 
9001 675 | 650 | max. | max, | 2 Se ea 
Al 15 st2 | 250 | 230 | 0.035 | 0.030  Eieet 1638. 
Mie Ss | .60 | max. ! max, | max, | 
(with aluminum addition) |. 


Gir neha ud > 2 as.’ op Pen ees 

| Yield | Tensile percent Impact, - Ty a -necneipeatinaa 
Mark | -psi |! -psi l=5d |ft.-lb. or a ett a ms e 
M15 | 26,000 | 54,000 |. - “25 50. T Cast Steels. uséd. in’ the’ cor om 
M19 | 36,000 , 64,000 22 7 3 a struction of boiler “equipt 
M 23 | 36,000 | 74,000 18 36 The specifications are oak: zt 
H 60 | 51,000 | 85,000 | 1 ae ee | by Association of Boiler mam- 
Al 15 26, 000 | 54,000 | BO wd oe facturers and German Soc 

Ae EN Same at for--Testing 5 Mater oils 


vie 


Analysis, percent 


Mark a Heat treatment, mer 


an 11330 = 2.00 "BS | a << 
cvV30 | .25 | .50 | 0.201 1.20] .15 N 1832-2012; 00, 
e's 600: | 4.50 bk 2.80: + see 
ages 
Yield Tensile} percent | Impact, 
Mark psi psi Le5d | ft.-lb. Use 
26,00 - Cast steel for drop forge . 


blocks. 
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TABLE T. 


Marl:| C | Mo"; V_: Ti; ° Heat treatment, SF, 


PLL 11.30; 5. = om: o 5 - | «= ! = | MN aOoes © ad00. 
ae. aa 51. "10! 55 | , es be 
: | | p< 4 
pus | sho! 1.20 0 - | - | =; -+ Nor 09, 
i 50i1. 50j1. 10; | | ; | 
: | ' : 
‘ 
PCV 26 .80! 3011.00 - 0,08; - | WN; 0Q ‘or wa, 
| 35/2. ,00| p01 L20 eS gas f 
ee ' | | 
; } \ r ' 
PCMV] .35) .90! .30/1.1010.20! .20: - | N; 0Q or wa, 
40} 1,00; 40 ts 30; 4305 225)! 
! | aren 4 
rue 37} .60| 30 1,30 60 | 225) - |. 3 00,’ 
| ND; 05} 3011.50! 701.55; 
| i; oor oor oe ee 
IK1 bes “) 050; 230! - | - | = 10,50: A 1688-1742 
Beas) Sof poh) | a) RS 
So IK ig MAX. eo ee ee bt Roe 
2 0 als. = 40! | : | ms : . 
Per Ai SNA T ALS Sore eee: Ee Saree ee eee Oar ene Ene meer ereeers 
33 Mark Tensile strength | Uses 
n PLL | 113, 700-135,000 iSteel castings for stamping and 
s~| PMS | 113, 000- -128,000 N; 128,000-164,000 0Q/ punching machinery. 
ov PCV |115,000- 128, 000 | 
nee PCMV! 128,.000-142,,000 Experimental cast steel for 
SS PW6E) 185 ,000-199,000 | aluminum rolling equipment. 
oo IK1 |No properties given Steel suitable for INKROM method; 
rie ae © Se do. that is, enrichment of casting 
ae Tiles surfaces with .chromium, 
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N 1742; or 0Q; T 932-1112. 


3 
| 
! 4 
| +50 cad 1.50 | 0.035 osc? - . 
Pe eb R 
MSHS | .4O | 1.20) 80! max. | max. ; - |-N°1688; N 1580; T 10h2, 
| 250 | 1.50} 1.10; 0.040 | 0,0h0 : | 
| | | | ! 
MoH 1.10 [12.00 | mex. ' max, | max. | 0.50 | WQ de: 
|1.30 '12.00! 0.50! 0.080; 0.040 | .70| 
| : TElong., | 
| Tensile Yield eeeene | RA., 
Mark | osi i Uses. °. 
C55 | 114,000 | | ' Wear-resistant steels for 
128,000 | | | grinders, track shoes, 
| | pulleys, etc. 
S50 | 85,000 | 51,000 ; 15 | i 
| 106,000 | 1 | 
| | 7 
MS3O | 106,000 | 71,000 | 8 | a. 
128,000 | | | | 
MSH5 | 85,000 | 57,000 | 15 | - 
100,600 | | 
2 t aint 
Mn 106,000 | 64,000 | 30 : “ | Austenitic manganese steel 
E -# 


421,000 3 


for wear resistance, 
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TABLE K 
Analysis, percent a | ; 


0! 
oe 
iol .90 | 19.00 
60 | 1.00 | 20.00 


N 2012; T 1256-1292 


; 230 a 50) 80 
! B utes 
T sh 40 | 150} 450 3. 250 | N 1832, 1/2 hrs; Ty 932; To 1256. 
ao, | veel appr.! 13.50 | 
Th | .25 | .30) 0.50}16.50 | N 1922, 1/2 br.; T 1256 
| 39 | £50 | 80 a 
TA 8| 50 = 2.30 | 12.50 ! N 1922; T 1256-1292 
| 2,80! 13.50 | : 
| 
| | 


Mark Uses 

Be Bet iy Ble 6 500" 100 “S001 ‘Corrosion, salt-water, and partly acid- 
Ip 2107,000) 155,000 _ resisting steels for sia eal vipe 
! | fittings, etc. — 

T 3h'T,100,000 135,000: 3 Do. 
‘To 64,000; 106, 000! . 10 


‘ 
TA 8 ia ae a 10 


| ‘ 
i | 
6h, 000! 106, 000! ~=s«&g | 


Th | 6h, 000 100,000. 9 Do. 
| Heat-resisting castings for furnaces and 
| steam-engines. 

_ 
k 


) Do. 
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TABLE L 
Analysis, percent | 
Mark |"C Mn. Si i cr | Ni Heat treatment, °F, 


Nd ed ceed ae 
se ome 
TN 10 | 30 1.00 | 17.50! 8.00 | N 2022 ‘ 
: 20 | 50 2.00, 18.50 | 9.00 | 
| t i | 
tt. 4 woe | 30 | 1.80 | 27.00 | ‘ i A 1662 
70 | +30 2.50 | es | 
T2 |1.10 | .30! .90! 27.00} - | A 1562 
1.30 | .50 1.20 | 29.00 | ! 
T3 {1.10 .30| .80! 27.00] 1.60 | A 1562 
1.30 | ad 1.20 | 29.00! 2.00 | 
G8 12.60 50} .90| 7.50! - | N 1580 
2.80 | 1.00! 8.50 
GIA {1.60 | 50 | ran 17.00; - N 2012; T 750 
1.80 | | | 18,00 | | | 
Flong.,| me 
Mark Uses 
1 Corrosion-resistant pump parts; 


on which welding is required, 


Td. 92 ,000 71,000 8 | Furnace grates; annealing boxes. 
T2 |No properties required | Pump parts. 

a do. | Do. 

G8 Only Brineil 650 Oil-well drilling bits. 

G1A 85 , 000 71,000 7 Corrosion- and wear-resistant steel 


for agitator blades and pump parts 
for the chemical indus 
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TABLE M 


Mark} C Mn | Si jj Cr | Mo , V } Heat treatment, °F. 


WALC | 0.20 | 0.80 | 0.30] 0.60 | - 10.00] N 1030; T 123e 
.27 11.00 | .50] 1.00 |. oS 
j : 
WALS| .20} .90 | 230) -- - | os) N 1688; T 1238 
-28 | 1.20 .60) | ee , 
| | | | 
WA2S| 2201 .50; 230] .90/ - | 2) N 1832; T 1238 
28 | 80) .50 1120 | | 28 
, \ 
WAh | .20/ 40! .30! 1.20] - | h5 N 1832; T 1238 
28 70 | 50 1.50} | 55] 
WM | .18 ! 60 7 40; - [0.27 | - | N 1688; T 1112-1202 
23 : 70 | 5 | 32 | 
i aerate a ee 
wh at ' 50 : ine -70 ho | i N 1688; -T 118-1256 


Elong., | asa 
Yield | Pomme percent | Impact, | . 
Marc psi psi L=5a | ft.-lb. . Uses. 


WAIC | 40, sf 71,000 20 46  Heat-resistant steel for steam 
WA1S 43000 | 74,000} 20 | 56° 4 chests, steam pipes, fittings, and 
WA2S | 46, 000 | 78,000 20 | 36 ! gteam turbines for Navy. 

WAL 46, 000; 7,000 20 36 Do. 

W3M 36, 000! 64,000 22 4s | Do. 

Wh 43,000; 75,000} 20 36 Do. * 
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APPENDIX 3, - BERYLLIUM IN STEEL CASTINGS, RUHRSTAFL ANNENER 


The purpose of the investigation was. .to study the effect of low beryl- 
lium additions upon the strength and ductility of cast stcel, The maximm 
beryllium content was fixcd -et-6.69- Sal Dd ated eee eee were 
ymown to embrittle steel. oo: SSeS ee es 


ome oer aw es © Dam ww OFF Me ta 


Metal was melted in a , 50-pound, “nigh-Proquency, induction furnace, - and 
beryllium was added as ferro-beryllium shertly before tanvping the heat.-: A 
heat was also made in a 2-ton elcctric-arc furnace, In this case the ferro- 
beryllium was put in a can and-wes then piaccd under the strcam during tapping 
of the heat. Evon with this precaution, a loss of 59 perccnt boryllium-was 
unavoidable, es os « 

The steel was used for pouring aircraft castings averaging 200 pounds 
pouring weight cach. Aftor proper heat treatment, the castings were sectioned, 
and these eections wore machined. to test bar size and pullcd. 


Test results 


Heat 


1 CCCCC CLC CCC OCC OOO OC® S 

2 eoveceecvceccovecrr { 0.03 

4 eeeosecoceceeveeee | deg 1 207 - 
> h. CPCHCC ECHO SCO EOE OE | el of[- 230 a y Lt 

5 Ceoccccccercoscoce : ech | Th i efi | 030 

6 ee rere ee ee eed, 026 i of t 038 : ~61 

7 CCPC C CEO SFO CEO Oe 028 | 1.09 e | 01 
; 8 st Sane oeneeeeae ele {31.10 | 8 PS) 


'Tcnsile | Blong., , Rea. of jimpact, 
l strength! Yield | parcent | areca, | 4.-1b./ 


| ae 

A 444) 142,000 | 122,321; 1h,0 {| 48,0 ! 5963 
5. wee! 155,000: 156, 300 | W.O | 41.5 | 36.6 
6 ...1207,662 | 186,327! 11,0 ' 19.0 | 12.3 
T ee2j 172,000 ; 156, 457) 10.4 25.0 | 352.5 
8.46; 227,000 | 206, 239} 6.5 : 34.5 | 36,2 


Heat treatmont of heats 1 to 7: Heat to 1,500% F,, 
quonch in wator, draw at 850° F,, air-cool, 

Heat trcatment of heat 38: Hcat to 1,600° F,, 
quench in water, draw at 350° F, 


Conclusions 
Test results show that stecl alloyed with Be in perccntagos of 0.07 
to 0.30 has similar properties as Cr, Ni, Mo, and V stccls, A supcrior 
stcecl, however, was not developed, and the high cost of boryllium togcther 


with the difficulty of obtaining it wero factors that militatod against theo 
using the stool in production. 
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APPENDIX 4, -. EFFECT OF VARIQUS HEAT ‘TREATMENTS UPON CAST 
ARMOR STEEL, RUHRSTAHL ANNENER GUSSTAHLWERKE 


An investigation was made to study the effect of various heat treatments 
upon a@ section of c&st armor steel. Studies were made of the tonsile proper- 
tics at 20° C. (68° F.) and notched bar impact properties at 20° C. and -60° 
C. (-76° F.). Twelve test blocks 150 by 250 by 80 mm (approximately 6 by 10 
ty 3.2 inches) were cast from the following steel: | 


Percent 
C @Ceoansnoeenceses 0,55 
Mn eoeevnecece 20 
Si espeeceeceone oth 

‘Cae D acGweewe ses 0039 
S @eoeoeveccecoe 006 
Cr eeecrsevcece 2605 
NL sccccccese . iQ 
Mo De iecalneee o = AO) 


Nickcl and molybdenum are present as residuals, and the phosphorus is 
on the high side but within specification limits.,. 


The risers were removed from the castings, and the castings were heat- 
treated to the following schcdule: 


1. Blocks 1 and 2: Normalize at 1, 742° F,. for 2 hours; oil quench at 
1,616° F, for 2 hours; temper at 1,238° F. for 6 hours; cool in wator. 


2. Blocks 3 and 4: Normalize at 1, The? F. for 2 hours; oil quench at 
1,616° F, for 2 hours; tempor at 1,202° F, for 6 hours; cool in water, 

3. Blocks 5 and 6: Normalizo at 1,742° F. for 2 hours; oil quench at 
1,616° F. for 4 hours; temper at 1,238° F. for 6 hours; cool in wator. 


4, Blocks 7 and & Normalize at 1,742° F. for 2 hours; oil quench at 
1,616° F, for 4 hours; temper at 1,202° F, for 6 hours; cool in water, 


5. Blocks 9 and 10: Normalize at 1,742° F, for 2 hovrs; wator quench 
at 1,616° F, for 2 hours; tempor at 1,238° F. for 6 hours; cool in water. 


6. Blocks 11 and 12: Normalizo at 1,742° F. for 2 hours; water quench 
at 1,616° F. for 2 hours; tomper at 1,202° F. for 2 hours; cool in water, 


The blocks were then cut so that tonsile and impact specimens were ob- 
tained from the centcr of the block and from the outside cdgeo of the block, 
Tcsts worc made and tabulated, as shown in table A. 


A comparison of tcosts 1 and 2 indicatcd that the impact strongths were 
considcrably reduccd at the lower tempering tcomporatyro and in most instances 
foiled to moct the minimum rcquirements of 8 a Kajewr Also, at low tompera- 
tures the impact valucs for specimens temporod at 1,202° F. wore only about 
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two-thirds of thoso tomperod at 1,238° F. Tho double ofl quench of tost 3 
did not improve tho propertics matcrially over those of the singlo oil quench 
at test 1. Also, there was little differenco betwoen tho propcrtics at the 
lower draw temperature whon single and double oil quenching was used as pro- 
scribed in tests 2 and 4, If tests 1 and 5 and tests 2 and 6 are compared, it 
will be noticcd that wator quenching was responsible for a sm@ll increase in 
tensile and yicld strengths, 


It was found that all test bars takon from the cdge of the block were 
higher in tensile and yield strengths than’ those taken from the center of 
the block. No outstanding differences were observed between edge and center 
values for elongation and reduction of area values. The impact-strength 
values from the center sections were always lower. It was also observed that 
test bars cut from areas farthest away from the riser eave the higher values 
for all properties. 


Conclusi ons 


Test results indicated that double oil waenenae rather than single oil 
quenching had no practical effect upon the impact strength of test specimens 
irrespective of whether they were cut from the center or the edge of the 
block (3.2-inch section). Tho tempering temperature had a marked effect 
upon the properties. . a | | 
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APPENDIX 5. - SPECIFICATIONS FOR HEAT-RESISTANT STEmL cagmns, ; 
BOCHUMER peas 


Specifications for heat-resistant Gueninc Goines & as rebated ty the 
os — W. Co., Mulheim, ar are as follows: Physical properties at 20°°C, ‘or 
66° F., to de: ie | E 


ey i : . ., - 5 «e 
. '@ 
i *: ba « Peel tg SY 
€ s e + 


Tensile strength, 1b./sq.‘in. lt, <ooaieauien cee 4,000 ° 
Yield; 162/60. Ins Min. ac cose sseasenesienscuseenes 16,000 | 
Elongation (G. L. a 5 dia.); petcent, cocobebovosoe *. 6-20: 
Impact strength, Charpy keyhole ‘notch, ft.-1b. [sae : 


sv@ 


cm. min. Pia eS Oe A108 A 0ie 5s 8 28 Sie ee Rise 60 ose:0e Siei8.0¢'2'6 v4 


Creep rate at 500° C, (932°. Fs), 1bs/ad. in, sees. 17,000. 


The creep rate mst not exceed 0.004 percent per hour of the. original. 
gage length between the 25th and 35th hour in a.short-time test of 45 hours! 
duration, The total amount of creep 'at the 5th ‘hour shall not. “exceed 0.2 
percent of the gage length. 


The following additional eoqiaveniate were specified by thie sudtenex: 
Castings mst have a smooth finish, free from blow holes,- cracks, sponginess, 
and slag. Welding and plugging are not permitted unless of defective areas 
are examined and approved for welding by customer. Surfaces tq be machined 
mist have, besides the normal finish allowed, an additional finish of 3 to 5 
mm, The latter mst be removed by the foundry machine shop. The castings are 
annealed after they are chipped and ground and again after rough machining. 
The second annealing eliminated any possible stresses remaining . or created by 
the rough machining. A heat diagram of the second anneal mist be eee in 
duplicate, besides the chemicals and physicals. 


The housing is to be tested under i aaa pressures epocttied @ on the 
drawing. , | - 


Test bars are to be an integral part of the castings and. ae ts attache’ 
on sections outlined on the drawings. ‘Tests mst be made by Bochumer Verein, 
and copies of the test reports mst be furnished in duplicate. The fractured 
bars are to be kept by Bochumer Veroin.4t the disposal of tho, ‘customer, . Test 
bars can be scrapped only by written permission of thé customor, Tost bers 
are to be removed after the first annealing, oxcept one, which mst remain 
attached to the casting for re-checking by customer if ho 8008 fit to do 50. 


Up to tho beginning of tho war, Bochumer Verein furnishod hoat-rosistant 
stecl for steam turbines of the HOTS ‘analysis: ; 


os. te , Percent 
C ocleecss co cccdosere 0. 15-0.20° 
Si a siaisipinie Caiseias 66 . .30- 050°. 
Mn Cos eodancesenepore. » «0- +80: 
Cr woersecocveces as e6 é fa -90-1I,10. : A 
MO: sseseeceeesousee a” :25- 0 30? : - 
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I.C. 7362 
During the war, scarcity of Mo made the following analysis mandatory: 


Percent 
Carrer rrrrr re errr erie 0.18-0.26 
Si CGeeveeesesceooeoeevensd 0 30- 250 
Mn eveeeoveeesveeneeeeeee {0- 290 
Cr Ceoeooeeeaeveeceseeeees o90-1,10 
V @eeoveeeveenvneeeesed ecO- ee) 


In cases where a hot strength of 21,000 lb./sq. in. at 500° C. (932° F.) 
was specified, Mo steel had to be used and the Mo content raised to 0.35 to 
0.45 percent. 
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